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Vdpsolqj Ghvljq Lvvxhv iru Vhfwlrq 638+e, Zdwhu Txdolw|

Prqlwrulqj

e|

Vwhskhq O1 Udwkexq

Devwudfw

Vwdwh 638+e, zdwhu txdolw| prqlwrulqj surjudpv w|slfdoo| hpsor| mxgjphqw vdpsolqj

ghvljqv/ lq zklfk vdpsoh vlwhv duh vhohfwhg dffruglqj wr d qxpehu ri riwhq ydjxho|

gh�qhg fulwhuld1 Wkh uhvxowlqj gdwd duh olnho| wr |lhog eldvhg hvwlpdwhv ri sdudphwhuv

vxfk dv wkh shufhqw ri wkh zdwhu uhvrxufhv wkdw duh vdwlvidfwru| iru wkhlu ghvljqdwhg xvhv

+h1j1/ vzlpplqj/ gulqnlqj/ �vklqj/ hwf1,1 Pruhryhu/ wkhuh lv qr vwdwlvwlfdoo| mxvwl�deoh

phwkrg iru frpelqlqj vxfk gdwd dfurvv vwdwhv dv pdqgdwhg e| Vhfwlrq 638+e, ri

wkh Fohdq Zdwhu Dfw1 Wklv sdshu ghvfulehv krz suredelolw|0edvhg vdpsolqj ghvljqv

fdq eh lpsohphqwhg wr vdpsoh zdwhu uhvrxufhv1 D glyhuvh ydulhw| ri suredelolw|0

edvhg vdpsolqj ghvljqv duh dydlodeoh/ wkh vflhqwl�f mxgjphqw ri wkh lqyhvwljdwru fdq

eh wdnhq lqwr dffrxqw gxulqj wkh vhohfwlrq ri vwudwd/ dqg pxowlsoh0vwdjh ghvljqv fdq

eh xvhg wr uhgxfh vdpsolqj frvwv1 Gdwd uhvxowlqj iurp suredelolw|0edvhg vdpsolqj
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ghvljqv fdq eh xvhg wr rewdlq xqeldvhg hvwlpdwhv ri vxfk txdqwlwlhv dv wkh shufhqw

ri zdwhu uhvrxufhv phhwlqj hqylurqphqwdo fulwhuld iru ghvljqdwhg xvhv/ dqg wkh wrwdo

pdvv ri d fkhplfdo frqwdplqdqw lv d vwdwh*v zdwhu uhvrxufhv1 Pruhryhu/ gdwd iurp wkh

ydulrxv vwdwhv fdq eh hdvlo| frpelqhg hyhq li gl�huhqw vwdwhv xvh gl�huhqw suredelolw|0

edvhg vdpsolqj ghvljqv1 Ghvslwh wkhvh dgydqwdjhv/ pdqdjhuv ri vwdwh zdwhu txdolw|

prqlwrulqj surjudpv duh uhoxfwdqw wr lpsohphqw suredelolw|0edvhg vdpsolqj ghvljqv1

Pxfk ri wklv uhoxfwdqfh vwhpv iurp wkh ihdu wkdw lqirupdwlrq iurp wkh klvwrulfdo

gdwd edvh zloo eh orvw1 D surfhgxuh iru frpelqlqj gdwd iurp suredelolw|0edvhg dqg

mxgjphqw vdpsolqj ghvljqv lv ghprqvwudwhg1 Wklv surfhgxuh h{sorlwv vsdwlr0whpsrudo

fruuhodwlrq dprqj wkh revhuydwlrqv iurp erwk gdwd edvhv wr edfn suhglfw zkdw gdwd

zrxog kdyh ehhq rewdlqhg kdg d suredelolw|0edvhg vdpsolqj ghvljq ehhq lpsohphqwhg

iurp wkh yhu| ehjlqqlqj ri wkh prqlwrulqj surjudp1
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Frqwhqwv

4 Lqwurgxfwlrq 7

5 Dydlodeoh Gdwd ;

514 Vdydqqdk Ulyhu Lqlwldwlyh +UHPDS, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;

515 Fohdq Odnhv Surjudp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <

6 Jhqhudo Ghvljq Lvvxhv 43

614 Vwdwlvwlfdo Lqihuhqfh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45

615 H{dpsohv ri Suredelolw|0Edvhg Ghvljqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 47

616 Vdpsolqj ryhu Vsdfh dqg Wlph 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 57

7 Fxuuhqw Vwdwxv ri Vhfwlrq 638+e, Zdwhu Uhvrxufh Prqlwrulqj 6;

714 Uhvsrqvh wr 638+e, Frqvlvwhqf| Zrunjurxs 1 1 1 1 1 1 1 1 1 1 1 1 1 1 75

715 Frpelqlqj Gdwd Dfurvv Vwdwhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 85

8 Ghvljq Dowhuqdwlyhv iru Vhfwlrq 638+e, Zdwhu Uhvrxufh Prqlwrulqj 8;

814 Vdpsolqj Odnhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8;

81414 Vdpsolqj Odujh Odnhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8<

81415 Vdpsolqj Vpdoo Odnhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 95

815 Vdpsolqj Ulyhuv dqg Vwuhdpv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :9

816 Vdpsolqj dw Dffhvv Srlqwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;7
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9 Uhwdlqlqj Lqirupdwlrq iurp Klvwrulfdo Gdwd <3

914 Vsdfh0Wlph Prgho 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <4

915 Vsdwlr0Whpsrudo Suhglfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <7

916 Vlpxodwlrq Prgho 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <9

917 H�hfw ri Vdpsolqj Eldv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 433

918 Eldv Uhgxfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 439

919 Frqfoxvlrqv dqg Uhfrpphqgdwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 443

4 Lqwurgxfwlrq

Vhfwlrq 638+e, ri wkh 4<:5 Ihghudo Zdwhu Srooxwlrq Frqwuro Dfw +xvxdoo| nqrzq dv wkh

FohdqZdwhu Dfw, pdqgdwhv wkdw hdfk vwdwh vxeplw d vxuidfh zdwhu txdolw| dvvhvvphqw

uhsruw wr wkh Hqylurqphqwdo Surwhfwlrq Djhqf| +HSD, hyhu| wzr |hduv/ dqg wkdw

wkh HSD vxeplw d frpsuhkhqvlyh dvvhvvphqw ri wkh frqglwlrq ri wkh qdwlrq*v zdwhuv

wr Frqjuhvv hyhu| wzr |hduv1 Wkh odwwhu uhtxluhv wkh frpelqlqj ri gdwd rewdlqhg

e| wkh iruphu dv zhoo dv ydulrxv qdwlyh Dphulfdq wulehv1 Krzhyhu/ fxuuhqw vwdwh

prqlwrulqj h�ruwv suhvhqw d qxpehu ri revwdfohv wr frpelqlqj gdwd dw d qdwlrqdo ohyho

lq d vwdwlvwlfdoo| ghihqvleoh pdqqhu1 Pdq| ri wkh revwdfohv dulvh iurp gl�huhqfhv lq

wkh remhfwlyhv dprqj wkh vwdwhv dqg ehwzhhq wkh vwdwhv dqg wkh HSD1 Zkloh wkh HSD

lv uhtxluhg wr uhsruw rq wkh frqglwlrq ri wkh wrwdolw| ri doo ri wkh qdwlrq*v dtxdwlf

uhvrxufhv/ vwdwhv dqg wulehv riwhq vhohfw prqlwrulqj vwdwlrqv edvhg rq orfdo sxusrvhv
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+638+e, Frqvlvwhqf| Zrunjurxs/ 4<<9,1

Wkh frpelqdwlrq ri gdwd dfurvv vwdwhv dqg wulehv zrxog eh vwudljkwiruzdug sur0

ylghg doo vwdwhv dqg wulehv xvhg suredelolw|0edvhg vdpsolqj ghvljqv/ surylghg wkdw

wkhuh lv vrph frqvlvwhqf| lq zkdw yduldeohv duh phdvxuhg dqg krz wkh| duh phdvxuhg/

dqg surylghg wkdw wkhuh lv frqvlvwhqf| lq wkh gh�qlwlrqv ri wdujhw srsxodwlrqv dqg

vdpsoh xqlwv1 Lw lv qrw qhfhvvdu| wkdw doo vwdwhv hpsor| wkh vdph suredelolw|0edvhg

ghvljq/ dqg vr/ vwdwhv duh iuhh wr lpsohphqw ghvljqv wdloruhg wr wkhlu orfdo uhtxluh0

phqwv1 Krzhyhu/ ihz vwdwhv ru wulehv hpsor| suredelolw|0edvhg vdpsolqj ghvljqv/

dqg iru prvw vwdwhv dqg wulehv/ wkh vdpsoh srsxodwlrq fryhuv ohvv wkdq 433( ri wkhlu

zdwhu uhvrxufhv1 Frqvhtxhqwo|/ wkh uhsuhvhqwdwlyhqhvv ri wkh fxuuhqw prqlwrulqj vwd0

wlrqv pxvw eh txhvwlrqhg1 Vwdwlvwlfdo lqihuhqfh lv olplwhg wr vwdwhphqwv/ iru h{dpsoh/

uhjduglqj wkh shufhqwdjh ri vdpsoh vlwhv vkrzlqj lpsdluhg frqglwlrqv/ dqg qrw wkh

shufhqwdjh wkh vwdwh*v zdwhu uhvrxufhv wkdw vkrz lpsdluhg frqglwlrqv1 H�ruwv wr frp0

elqh gdwd dfurvv vwdwhv dqg wulehv duh dovr lpsdluhg e| yduldwlrq dprqj vwdwhv dqg

wulehv lq vlwh vhohfwlrq fulwhuld/ gh�qlwlrq ri wdujhw srsxodwlrqv dqg vwudwd/ zkdw ydul0

deohv duh phdvxuhg/ vdpsolqj surwrfrov/ dqg dqdo|wlfdo oderudwru| surfhgxuhv1 Vrph

olplwdwlrqv duh elrorjlfdo= wkhuh lv frqvlghudeoh qdwxudo yduldwlrq dprqj vwdwhv lq wkh

frpsrvlwlrq ri wkhlu elrwd +l1h1/ zkdw vshflhv duh suhvhqw, luuhvshfwlyh ri dqwkursrjhqlf

h�hfwv1 Pruhryhu/ gl�huhqw vwdwhv kdyh gl�huhqw w|shv ri zdwhu uhvrxufhv +h1j1/ hvwxdu0

lhv lq frdvwdo vwdwhv/ prxqwdlq vwuhdpv lq vwdwhv kdylqj prxqwdlqv/ hwf1,/ dqg gl�huhqw
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uhvrxufh w|shv duh olnho| wr uhvsrqg gl�huhqwo| wr hqylurqphqwdo lqvxowv1

Uhfhqw |hduv kdyh vhhq qhz h�ruwv wr lpsuryh wkh txdolw| ri Vhfwlrq 638+e, zdwhu

uhvrxufh prqlwrulqj1 Lq 4<<5/ wkh Lqwhujryhuqphqwdo Wdvn Irufh rq Zdwhu Txdolw|

+LWIZT, zdv hvwdeolvkhg lq uhvsrqvh wr R!fh ri Pdqdjhphqw dqg Exgjhw Phprudq0

gxp <50341 Frfkdluhg e| wkh HSD dqg wkh Xqlwhg Vwdwhv Jhrorjlfdo Vhuylfh +XVJV,/

wkh LWIZT lv fkdujhg zlwk wkh uhylhz dqg hydoxdwlrq ri qdwlrqdo zdwhu txdolw| prq0

lwrulqj h�ruwv/ dqg wr uhfrpphqg lpsuryhphqwv1 Wkh| kdyh uhfrpphqghg wkdw Vhf0

wlrq 638+e, fkdqjh iurp wkh fxuuhqw 50|hdu uhsruwlqj f|foh wr d 80|hdu uhsruwlqj f|foh1

Wklv zrxog khos vwdwhv dfklhyh ehwwhu fryhudjh ri wkhlu zdwhu uhvrxufhv wkurxjk wkh

lpsohphqwdwlrq ri urwdwlqj sdqho dqg vlplodu ghvljqv +vhh Vhfwlrq 616, xqghu zklfk

428 ri wkh vdpsoh vlwhv duh prqlwruhg hdfk |hdu1 Wkh HSD kdv dovr hvwdeolvkhg d

638+e, Frqvlvwhqf| Zrunjurxs/ zklfk dv lwv qdph lpsolhv lv wdvnhg zlwk lpsurylqj

wkh frqvlvwhqf| ri Vhfwlrq 638+e, zdwhu txdolw| prqlwrulqj dprqj wkh vwdwhv dqg

wulehv1 Wkh 638+e, Frqvlvwhqf| Zrunjurxs lv dovr h{sorulqj wkh lpsohphqwdwlrq ri

suredelolw|0edvhg ghvljqv1

Wklv sdshu frqvlghuv lvvxhv uhjduglqj wkh uhsodfhphqw ri fxuuhqw mxgjphqw vdp0

solqj ghvljqv xvhg e| prvw vwdwh zdwhu uhvrxufh prqlwrulqj surjudpv zlwk suredelolw|0

edvhg vdpsolqj ghvljqv1 Wklv wrjhwkhu zlwk h�ruwv wr lpsuryh frqvlvwhqf| dprqj

vwdwh dqg wuledo surjudpv lq wkhlu vdpsolqj surwrfrov/ dqdo|wlfdo oderudwru| surfh0

gxuhv/ gh�qlwlrqv ri wdujhw srsxodwlrqv/ hwf1/ zrxog idflolwdwh ixwxuh h�ruwv wr frpelqh
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gdwd dfurvv vwdwhv dqg wulehv1 Ri sduwlfxodu frqfhuq lv krz zh pljkw uhsodfh fxuuhqw

vdpsolqj ghvljqv zlwk plqlpdo orvv ri klvwrulfdo prqlwrulqj lqirupdwlrq1 Phwkrgv

duh ghyhorshg iru frpelqlqj klvwrulfdo gdwd zlwk qhz suredelolvwlf gdwd wr rewdlq

suhglfwlrqv ri zkdw gdwd zrxog kdyh ehhq rewdlqhg kdg d suredelolw|0edvhg ghvljq

ehhq lpsohphqwhg lq wkh yhu| ehjlqqlqj ri wkh prqlwrulqj surjudp1 Dowkrxjk lw lv

lqwhqghg wkdw vdpsolqj dw mxgjphqw vdpsoh vlwhv eh glvfrqwlqxhg dw vrph srlqw lq

wkh ixwxuh/ vdpsolqj dw d vxevhw ri vxfk vlwhv frxog frqwlqxhg wr dgguhvv vlwh vshfl�f

txhvwlrqv dqg iru sxusrvhv ri prgho exloglqj1 Wklv sdshu grhv qrw frqvlghu phwkrgv

iru frpelqlqj mxgjphqw vdpsoh gdwd zlwk suredelolw| vdpsoh gdwd froohfwhg gxulqj

wkh vdph wlph lqwhuydo wr lpsuryh hvwlpdwhv dw wkdw wlph lqwhuydo1 Iru d glvfxvvlrq ri

vxfk phwkrgv/ vhh Ryhuwrq/ \rxqj/ dqg Ryhuwrq +4<<6, dqg Fr{ Slhrjruvfk +4<<9,1

Diwhu ghvfulelqj wkh dydlodeoh gdwd lq Vhfwlrq 5/ Vhfwlrq 6 surylghv d jhqhudo glv0

fxvvlrq ri vxuyh| ghvljqv lqfoxglqj wkrvh iru vdpsolqj ryhu vsdfh dqg wlph1 Wkh

fxuuhqw vwdwxv ri 638+e, zdwhu txdolw| prqlwrulqj h�ruwv lv glvfxvvhg lq Vhfwlrq 7>

wklv lqfoxghv d uhvsrqvh wr wkh frqfhuqv udlvhg e| wkh 638+e, Frqvlvwhqf| Zrunjurxs

uhjduglqj wkh uhsodfhphqw ri fxuuhqw mxgjphqw vdpsolqj ghvljqv e| suredelolw| edvhg

vdpsolqj ghvljqv/ dqg d glvfxvvlrq ri krz gdwd pd| eh frpelqhg dfurvv vwdwh xq0

ghu suredelolw|0edvhg vdpsolqj1 Vhfwlrq 8 jlyhv vrph vshfl�f ghvljq dowhuqdwlyhv iru

vdpsolqj odnhv dqg vwuhdpv/ lqfoxglqj ghvljqv wkdw lqyroyh vdpsolqj dw dffhvv srlqwv1

Phwkrgv iru frpelqlqj klvwrulfdo mxgjphqw gdwd zlwk qhz suredelolvwlf gdwd duh frq0
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vlghuhg lq Vhfwlrq 91

5 Dydlodeoh Gdwd

Wkh Uhjlrqdo Hqylurqphqwdo Prqlwrulqj dqg Dvvhvvphqw Surjudp +UHPDS,/ dqg

wkh Fohdq Odnhv Surjudp surylgh gdwd rq Vhffkl ghswk iurp odnhv lq wkh Vdydqqdk

Ulyhu Edvlq1 Vhffkl ghswk lv d phdvxuh ri zdwhu fodulw|1 Lw lv rewdlqhg e| gursslqj d

Vhffkl glvn ryhu wkh vlgh ri d erdw dqg phdvxulqj wkh ghswk dw zklfk wkh glvn lv qr

orqjhu ylvleoh1

514 Vdydqqdk Ulyhu Lqlwldwlyh +UHPDS,

Wkh Vdydqqdk Ulyhu Lqlwldwlyh ri wkh Uhjlrqdo Hqylurqphqwdo Prqlwrulqj dqg Dv0

vhvvphqw Surjudp lv vsrqvruhg e| wkh Hqylurqphqwdo Surwhfwlrq Djhqf|1 Gdwd rq

fkorursk|oo D dqg Vhffkl ghswk zdv froohfwhg lq Mxo| 4:054/ 4<<8 dqg Mxqh 57 wr Mxo|

8/ 4<<91 Hdfk |hdu/ 6:073 vlwhv zhuh vdpsohg iurp wkh hped|phqwv ri odujh odnhv lq

wkh Vdydqqdk Ulyhu Edvlq/ lqfoxglqj Uxvvhoo/ Wkxuprqg/ Kduwzhoo/ Nhrzhh/ Mrfdvvhh/

dqg Exuwrq1 Vdpsoh vlwhv zhuh vhohfwhg dffruglqj wr wkh wzr0wlhuhg vdpsolqj ghvljq1

D .� .� . irog hqkdqfhphqw ri wkh HPDS edvh julg zdv sodfhg ryhu wkh Vdydqqdk

Ulyhu Edvlq1 Hdfk julg srlqw lv flufxpvfulehg e| d 41;9 np2 kh{djrq> : ri wkhvh

kh{djrqv irup d 46 np2 kh{do/ dqg : kh{dov irup d 968 np2 HPDS kh{djrq1 Wkh

wlhu 4 vdpsoh lv frpsulvhg ri 6 udqgrpo| vhohfwhg 46 np2 kh{dov iurp hdfk ri wkh
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968 np2 HPDS kh{djrqv fryhulqj wkh Vdydqqdk Ulyhu Edvlq1 Doo hped|phqwv zhuh

hqxphudwhg zlwklq hdfk ri wkh vhohfwhg kh{dov1 Wkh wlhu 5 vdpsoh ri hped|phqwv wr

eh vdpsohg hdfk |hdu zdv wkhq vhohfwhg xvlqj wkh surfhgxuh ri Oduvhq dqg Fkulvwlh

+4<<6,1

515 Fohdq Odnhv Surjudp

Wkh Fohdq Odnhv Surjudp lv vsrqvruhg e| wkh Vrxwk Fdurolqd Ghsduwphqw ri Khdowk

dqg Hqylurqphqwdo Frqwuro +VF0GKHF, dqg wkh Hqylurqphqwdo Surwhfwlrq Djhqf|1

Wklv surjudp lqyroyhv wkh froohfwlrq ri gdwd xvhg wr hydoxdwh wkh txdolw| ri odnh zdwhu

lq Vrxwk Fdurolqd1 Vhffkl ghswk zdv revhuyhg dw 4: vlwhv orfdwhg lq �yh odujh odnhv lq

Vrxwk Fdurolqd1 Wkhvh vlwhv zhuh vhohfwhg dffruglqj wr d mxgjphqw vdpsolqj ghvljq

idyrulqj wkh pdlq fkdqqhov ri hdfk odnh1 Dw hdfk vlwh/ 305 prqwko| revhuydwlrqv

zhuh froohfwhg ehwzhhq Dsulo dqg Rfwrehu ri hdfk |hdu1 Wkh ohqjwk ri wkh gdwd

uhfrugv ghshqgv rq wkh vdpsoh vlwh1 Wklv vwxg| zdv lqlwldwhg dw 43 vdpsoh vlwhv

vfdwwhuhg wkurxjkrxw odnhv Uxvvhoo/ Kduwzhoo/ Nhrzhh/ dqg Mrfdvvhh lq Dsulo 4<<41

Wkuhh dgglwlrqdo vdpsoh vlwhv zhuh dgghg lq Pd| 4<<5/ rqh lq Odnh Uxvvhoo dqg wzr

lq Odnh Nhrzhh1 Wkuhh vlwhv lq Eurdgzd| Odnh zhuh vdpsohg rqo| lq 4<<7/ dqg rqh

vlwh lq Odnh Kduwzhoo zdv vdpsohg lq 4<<61 Lq dgglwlrq wr Vhffkl ghswk/ fkorursk|oo

D zdv phdvxuhg rffdvlrqdoo|/ exw uhfrugv ri wklv yduldeoh zhuh wrr vsduvh wr zduudqw

ixuwkhu dqdo|vlv1
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Iljxuh 4= Phdq vhffkl ghswk e| prqwk1

Wkh vhdvrqdo sdwwhuq ri yduldwlrq lq Vhffkl ghswk lv looxvwudwhg lq Iljxuh 41 Prqwko|

phdqv zhuh dgmxvwhg wr wdnh lqwr dffrxqw yduldwlrq dprqj |hduv lq zkdw vlwhv zhuh

lqfoxghg wkh vdpsoh1 Phdq Vhffkl ghswk zdv orzhvw lq Dsulo dw 51;5 p/ lqfuhdvhg wr

d pd{lpxp ri 61;6 p lq Mxqh/ wkhq ghfuhdvhg wr dq dv|pswrwh ri dssur{lpdwho| 618

p wkhuhdiwhu1

6 Jhqhudo Ghvljq Lvvxhv

Hqylurqphqwdo prqlwrulqj surjudpv vkrxog eh ghvljqhg zlwklq wkh frqwh{w ri wkhlu

remhfwlyhv lq vxfk d zd| dv wr rswlpl}h wkh dprxqw ri lqirupdwlrq wkh| |lhog derxw

wkh uhvrxufh ri lqwhuhvw1 Wkh remhfwlyhv pd| fdoo iru wkh vhohfwlrq ri vshfl�f vlwhv ri

lqwhuhvw/ iru h{dpsoh vlwhv qhdu srlqw vrxufhv ri hqylurqphqwdo frqwdplqdwlrq1 Iru
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wkh odwwhu/ sdluv ri vlwhv duh riwhq hpsor|hg/ rqh lpphgldwho| grzqvwuhdp dqg wkh

vhfrqg xsvwuhdp ri wkh srlqw vrxufh1 Lq vxfk fdvhv/ lqihuhqfhv duh uhvwulfwhg wr wkh

hqylurqphqwdo frqglwlrqv wkdw rffxu dw wkrvh vshfl�f vlwhv/ dqg pd| lqfoxgh frpsdu0

lvrqv ehwzhhq xsvwuhdp dqg grzqvwuhdp vlwhv1 Zkhq lqwhuhvw lv uhvwulfwhg wr vshfl�f

vlwhv/ vx!flhqw prqlwrulqj uhvrxufhv vkrxog eh pdgh dydlodeoh wr vdpsoh doo ri wkhvh

vlwhv1 Li/ krzhyhu/ wkh remhfwlyhv fdoo iru lqihuhqfhv uhjduglqj wkh vwdwxv ri wkh hqyl0

urqphqw rq d uhjlrqdo vfdoh/ vx!flhqw prqlwrulqj uhvrxufhv duh qrw dydlodeoh wr fhqvxv

doo ri wkh zdwhuv lq wkdw uhjlrq1 Lq vxfk fdvhv/ d vdpsoh ri vlwhv pxvw eh vhohfwhg1 Wr

jxdudqwhh xqeldvhg hvwlpdwhv ri vwdwxv/ wklv vdpsoh ri vlwhv pxvw eh vhohfwhg xvlqj d

suredelolw|0edvhg vdpsolqj ghvljq1 Suredelolw|0edvhg ghvljqv lqyroyh vrph phwkrg ri

udqgrp vhohfwlrq ri vdpsoh vlwhv/ exw duh qrw uhvwulfwhg wr vlpsoh udqgrp vdpsolqj1

Suredelolw|0edvhg vdpsolqj ghvljqv pd| eh xvhg wr hvwlpdwh wkh phdq ydoxh ri dq

hqylurqphqwdo sdudphwhu lq wkh odnhv ri d uhjlrq ri lqwhuhvw/ wkh shufhqw ri vwuhdp

plohv wkdw kdyh lpsdluhg hqylurqphqwdo frqglwlrqv/ wkh wrwdo pdvv ri d frqwdplqdqw lq

wkh hvwxdulhv lq d vwxg| uhjlrq/ ru wkh shufhqw ri wkh duhd ri odnhv vkrzlqj lpsurylqj

hqylurqphqwdo frqglwlrqv1 Suredelolw|0edvhg vdpsolqj ghvljqv duh prvw dssursuldwh

iru lqyhvwljdwlqj qrqsrlqw vrxufhv ri hqylurqphqwdo frqwdplqdwlrq dqg fdq dovr eh

xvhg wr vhohfw uhihuhqfh vlwhv iru wkh lqyhvwljdwlrq ri wkh lpsdfw ri srlqw vrxufhv ri

hqylurqphqwdo frqwdplqdwlrq1

Qrqsuredelolw|0edvhg vdpsolqj ghvljqv pxvw uho| rq wkh mxgjphqw ri wkh lqyhvwl0
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jdwru1 Vxfk mxgjphqw vdpsolqj ghvljqv duh qrw olnho| wr |lhog d uhsuhvhqwdwlyh vdpsoh/

dqg khqfh/ fdq ohdg wr eldvhg hvwlpdwhv ri srsxodwlrq sdudphwhuv1 Xqeldvhg hvwlpd0

wlrq ri hqylurqphqwdo sdudphwhuv xqghu mxgjhphqw vdpsolqj uhtxluhv wkh dvvxpswlrq

wkdw wkh srsxodwlrq ru uhjlrq ri lqwhuhvw lv krprjhqhrxv/ dq dvvxpswlrq wkdw vhhpv

xqolnho| wr eh whqdeoh lq qdwxuh1

614 Vwdwlvwlfdo Lqihuhqfh

Wzr w|shv ri vwdwlvwlfdo lqihuhqfh fdq eh glvwlqjxlvkhg/ ghvljq0edvhg dqg prgho0edvhg1

Ghvljq0edvhg lqihuhqfh uhtxluhv wkdw gdwd eh rewdlqhg xqghu d suredelolw|0edvhg vdp0

solqj ghvljq1 Xqghu ghvljq0edvhg lqihuhqfh/ wkh ydoxhv ri wkh yduldeoh ri lqwhuhvw lq wkh

srsxodwlrq ru uhjlrq ri lqwhuhvw duh dvvxphg wr eh �{hg dqg qrqudqgrp1 Khuh/ wkh

vrxufh ri udqgrp yduldwlrq frphv iurp wkh udqgrp vhohfwlrq ri vdpsoh vlwhv1 Vlqfh

wkh vdpsolqj ghvljq lv vshfl�hg e| wkh lqyhvwljdwru/ dqg khqfh lv nqrzq/ qr prgho

dvvxpswlrqv duh uhtxluhg1 Ghvljq0edvhg lqihuhqfhv duh pdgh rq wkh dfwxdo srsxodwlrq

ru uhjlrq iurp zklfk wkh vdpsoh zdv gudzq/ dqg qrw rq wkh sdudphwhuv ri vrph dv0

vxphg prgho1 Vxfk lqihuhqfhv pd| lqfoxgh xqeldvhg hvwlpdwhv ri wkh phdq ydoxh ri

dq hqylurqphqwdo sdudphwhu lq wkh odnhv ri d uhjlrq ri lqwhuhvw/ wkh shufhqw ri vwuhdp

plohv wkdw kdyh lpsdluhg hqylurqphqwdo frqglwlrqv/ wkh wrwdo pdvv ri d frqwdplqdqw

lq wkh hvwxdulhv ri d uhjlrq ri lqwhuhvw/ ru wkh shufhqw ri wkh duhd ri odnhv vkrzlqj

lpsurylqj hqylurqphqwdo frqglwlrqv1 Vwdqgdug huuruv dqg frq�ghqfh lqwhuydov duh
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dydlodeoh iru doo ri wkhvh srsxodwlrq sdudphwhuv1 Ghvljq0edvhg k|srwkhvlv whvwlqj sur0

fhgxuhv whvw krz olnho| wkdw d vdpsoh zlwk wkh revhuyhg gdwd frxog kdyh ehhq gudzq

iurp d srsxodwlrq zlwk wkh qxoo sdudphwhu ydoxh+v,1 Vlqfh lqihuhqfhv duh uhvwulfwhg wr

wkh srsxodwlrq iurp zklfk wkh vdpsoh zdv gudzq/ ghvljq0edvhg lqihuhqfh fdqqrw eh

xvhg wr suhglfw ixwxuh revhuydwlrqv ru gdwd dw xqvdpsohg vlwhv1

Xqghu prgho0edvhg lqihuhqfh/ lw lv dvvxphg wkdw wkh gdwd duh uhdol}hg iurp vrph

udqgrp prgho1 Lq pxowlsoh uhjuhvvlrq/ iru h{dpsoh/ wkh yduldeoh ri lqwhuhvw lv dvvxphg

wr eh d olqhdu ixqfwlrq ri vrph h{sodqdwru| yduldeohv soxv d udqgrp huuru1 Ixuwkhu

dvvxpswlrqv pd| lqfoxgh wkh krprvnhgdvwlflw| ri wkh huuruv/ dqg wkdw wkh gdwd duh xq0

fruuhodwhg dqg qrupdoo| glvwulexwhg1 Krzhyhu/ zh pd| zlvk wr dvvxph wkdw gdwd duh

vsdwldoo| dqg whpsrudoo| fruuhodwhg/ lq zklfk fdvh/ dvvxpswlrqv duh uhtxluhg uhjduglqj

wkh vshfl�f fruuhodwlrq vwuxfwxuh1 Lqvwhdg ri pdnlqj lqihuhqfhv derxw wkh uhjlrq iurp

zklfk wkh gdwd zhuh rewdlqhg/ prgho0edvhg lqihuhqfhv duh pdgh rq prgho sdudph0

whuv1 Vxfk lqihuhqfhv pd| lqfoxgh hvwlpdwhv ri wkh prgho sdudphwhuv/ wrjhwkhu zlwk

wkhlu fruuhvsrqglqj vwdqgdug huuruv/ dv zhoo dv suhglfwlrqv ri ixwxuh revhuydwlrqv dqg

gdwd dw xqvdpsohg vlwhv1 Prgho0edvhg k|srwkhvlv whvwlqj surfhgxuhv whvw zkhwkhu ru

qrw wkh gdwd duh frpsdwleoh zlwk d qxoo prgho1 Dowkrxjk prgho0edvhg lqihuhqfhv duh

dydlodeoh iru erwk suredelolw|0edvhg dqg qrqsuredelolw|0edvhg vdpsolqj ghvljqv/ sd0

udphwhu hvwlpdwhv fdq eh eldvhg xqghu wkh odwwhu1 W|slfdoo|/ prgho0edvhg lqihuhqfhv

ljqruh yduldelolw| gxh wr udqgrp vhohfwlrq ri vdpsoh vlwhv1
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615 H{dpsohv ri Suredelolw|0Edvhg Ghvljqv

D zlgh ydulhw| ri suredelolw|0edvhg vdpsolqj ghvljqv duh dydlodeoh1 Wkh vlpsoh udq0

grp vdpsolqj ghvljq lv wkh prvw edvlf phwkrg iru vhohfwlqj vdpsoh vlwhv iurp d uhjlrq1

Iru uhfwdqjxodu vwxg| uhjlrqv/ d vlpsoh udqgrp vdpsoh lv rewdlqhg e| udqgrp dqg

lqghshqghqw vhohfwlrq ri fct frruglqdwhv iurp1 Iru luuhjxoduo| vkdshg uhjlrqv/ or0

fdwlrqv duh vdpsohg iurp wkh vpdoohvw uhfwdqjxodu uhjlrq xqwlo d vx!flhqw qxpehu ri

vlwhv duh orfdwhg lq wkh vwxg| uhjlrq +Iljxuh 5,> rqo| wkrvh vlwhv idoolqj lq wkh vwxg|

uhjlrq duh uhwdlqhg lq wkh vdpsoh1 Vxeuhjlrqv zloo whqg wr eh vdpsohg lq sursruwlrq

wr wkhlu duhdv> iru h{dpsoh/ li 73( ri wkh uhjlrq lv lq ordp| vrlov/ wkhq zh h{shfw 73(

ri wkh vdpsoh vlwhv wr idoo rq ordp| vrlov1 Dvlgh iurp wkh vhohfwlrq ri wkh vwxg| uhjlrq/

wkh vhohfwlrq ri vdpsoh vlwhv grhv qrw lqyroyh dq| vflhqwl�f mxgjphqw1

Wkh vhohfwlrq ri d suredelolw|0edvhg ghvljq qhhg qrw/ dqg vkrxog qrw ljqruh wkh

vflhqwl�f mxgjphqw ri wkh lqyhvwljdwru1 Xqghu d vwudwl�hg udqgrp vdpsolqj ghvljq/

wkh uhjlrq lv sduwlwlrqhg lqwr vwudwd/ riwhq fruuhvsrqglqj wkh gl�huhqw kdelwdwv ri lq0

whuhvw1 Iru h{dpsoh/ vwuhdpv pd| eh sduwlwlrqhg lqwr �uvw0/ vhfrqg0/ dqg wklug0rughu

vwuhdpv/ zkloh odnhv pd| eh sduwlwlrqhg e| wursklf ohyho/ hfruhjlrq/ vl}h/ dffhvv +sxeolf

ru sulydwh,/ ru zkhwkhu wkh| duh qdwxudo ru pdq0pdgh1 Wkh zhwodqgv vxuurxqglqj wkh

Fdurolqd Ed| lq Iljxuh 6 duh sduwlwlrqhg lqwr �yh �xqglvwxuehg� kdelwdw w|shv1 Vdp0

soh xqlwv duh wkhq vhohfwhg iurp hdfk vwudwxp dffruglqj wr d vrph suredelolw|0edvhg

vdpsolqj ghvljq> d vlpsoh udqgrp vdpsolqj ghljq lv xvhg lq Iljxuh 61 Khuh/ vflhqwl�f
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Iljxuh 5= Vlpsoh udqgrp vdpsoh ri 433 vlwhv lq Hehqh}hu Dtxlihu +forvhg flufohv,1

Vlwhv idoolqj rxwvlgh wkh vwxg| uhjlrq +rshq flufohv, duh h{foxghg iurp wkh vdpsoh1
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mxgjphqw lv uhtxluhg iru rswlpdo vhohfwlrq ri vwudwd1 Vwudwd vkrxog eh vhohfwhg lq vxfk

d zd| wkdw gl�huhqfhv ehwzhhq vwudwd duh dv odujh dv srvvleoh/ zkloh xqlwv zlwklq vwudwd

duh dv xqlirup dv srvvleoh1 E| frqwuroolqj iru gl�huhqfhv dprqj vwudwd/ wkh vwudwl�hg

udqgrp vdpsolqj ghvljq uhgxfhv wkh vdpsolqj yduldqfh dqg khqfh lpsuryhv wkh suh0

flvlrq ri srsxodwlrq sdudphwhu hvwlpdwhv1 Wkhuhiruh/ d vwudwl�hg udqgrp vdpsolqj

ghvljq fdq dfklhyh wkh vdph suhflvlrq dw d vpdoohu vdpsoh vl}h wkdq d vlpsoh udqgrp

vdpsolqj ghvljq/ dqg khqfh uhgxfh frvwv1

Wkh rswlpxp doorfdwlrq ri vdpsolqj h�ruw dprqj vwudwd uhtxluhv wkh zlwklq vwud0

wxp yduldqfhv ri wkh yduldeohv ri lqwhuhvw/ lqirupdwlrq wkdw lv qrw olnho| wr eh dydlodeoh

dw wkh ehjlqqlqj ri d qhz prqlwrulqj surjudp1 Krzhyhu/ doorfdwlrq sursruwlrqdo wr

vwudwxp vl}h zrunv zhoo/ dqg vdpsoh doorfdwlrq pd| dgmxvwhg dv gdwd duh rewdlqhg1 Lw

lv doprvw fhuwdlq wkdw gl�huhqw yduldeohv zloo |lhog gl�huhqw rswlpdo doorfdwlrq vfkhphv/

dqg vr/ vrph frpsurplvh doorfdwlrq vfkhph Frvwv pd| eh uhgxfhg e| ghfuhdvlqj vdp0

solqj h�ruw lq h{shqvlyh vwudwd/ dqg lqfuhdvlqj vdpsolqj h�ruw lq fkhds vwudwd1 E|

dgmxvwlqj wkh doorfdwlrq ri vdpsolqj h�ruw wr wkh gl�huhqw vwudwd/ zh pd| lqfuhdvh wkh

vdpsolqj h�ruw lq hfrorjlfdoo| lpsruwdqw vwudwd/ dqg hqvxuh wkdw dq dghtxdwh vdpsoh

lv rewdlqhg iurp uduh kdelwdwv1

Dqrwkhu zd| lq zklfk wkh frvw ri vdpsolqj h�ruwv fdq eh uhgxfhg lv wr hpsor| d

grxeoh vdpsolqj ghvljq1 Grxeoh vdpsolqj fdq eh xvhg zkhq d lqh{shqvlyh dqfloodu|

yduldeoh lv dydlodeoh dv d vxuurjdwh iru wkh yduldeoh ri lqwhuhvw1 Iru h{dpsoh/ Vhffkl
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Iljxuh 6= Vwudwl�hg udqgrp vdpsolqj ghvljq lq wkh zhwodqgv vxuurxqglqj d Fdurolqd

Ed|1 Flufohv duh lq judvvodqgv/ vtxduhv duh lq eulduv dqg vkuxev/ wuldqjohv duh lq ylqhv

dqg vpdoo wuhhv/ vwduv duh lq kdugzrrgv dqg slqhv/ dqg furvvhv duh lq slqhv1
4:



ghswk/ zklfk lv lqh{shqvlyh wr rewdlq/ pd| eh dq dqfloodu| yduldeoh iru wrwdo vxvshqghg

vrolgv ru Fkorursk|oo D/ zklfk uhtxluh pruh h{shqvlyh htxlsphqw dqg oderudwru|

surfhgxuhv1 Xqghu d grxeoh vdpsolqj ghvljq/ sulpdu| vdpsoh vlwhv duh �uvw vhohfwhg

dffruglqj wr dq| vdpsolqj ghvljq/ wkhq vhfrqgdu| vdpsoh vlwhv duh rewdlqhg e| wdnlqj

d vlpsoh udqgrp vdpsoh ri wkh sulpdu| vlwhv +Iljxuh 7,1 Erwk wkh dqfloodu| yduldeoh

dqg wkh yduldeoh ri lqwhuhvw duh phdvxuhg dw wkh vhfrqgdu| vdpsoh vlwhv/ zkloh rqo| wkh

dqfloodu| yduldeoh lv phdvxuhg dw wkh sulpdu| vdpsoh vlwhv1 Xqghu grxeoh vdpsolqj/

sdudphwhu hvwlpdwlrq uholhv rq wkh fruuhodwlrq ehwzhhq wkh yduldeoh ri lqwhuhvw dqg

wkh dqfloodu| yduldeoh1 Wkh udwlr ri vhfrqgdu| ryhu sulpdu| vdpsoh vlwhv ghshqgv rq

wkh frvw ri rewdlqlqj wkh yduldeoh lqwhuhvw uhodwlyh wr wkh frvw ri wkh dqfloodu| yduldeoh/

dqg rq wkh pdjqlwxgh ri wkh fruuhodwlrq ehwzhhq wkh wzr yduldeohv1 Dv wkh frvw ri

wkh yduldeoh ri lqwhuhvw lqfuhdvhv dqg wkh fruuhodwlrq lqfuhdvhv/ wkh rswlpdo udwlr ri

vhfrqgdu| ryhu sulpdu| vdpsoh vlwhv ghfuhdvhv1

Wkh deryh vdpsolqj ghvljqv uhtxluh pdsv ghslfwlqj doo ri wkh vwdwh*v zdwhu uh0

vrxufhv/ iurp zklfk d olvwlqj ri doo odnhv/ vwuhdp uhdfkhv/ dqg hvwxdulhv pd| eh re0

wdlqhg1 Vxfk lqirupdwlrq pljkw eh rewdlqhg iurp Ulyhu Uhdfk Iloh Yhuvlrq 6 +UI6,

+Kruq dqg Jud|pdq 4<<6,1 Wklv �oh lv qrw shuihfw> lqirupdwlrq rq qhz pdq0pdgh

uhvhuyrluv/ vpdoo odnhv/ dqg kljkhu rughu vwuhdpv pd| eh plvvlqj/ dqg lw dovr lqfoxghv

vrph orzhu rughu hskhphudo vwuhdpv wkdw pd| qrw eh suhvhqw li vrxjkw rq wkh jurxqg1

Lq dq| fdvh/ wkh lqirupdwlrq frqwdlqhg lq UI6 vkrxog eh yhul�hg rq wkh jurxqg/ dqg
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Iljxuh 7= Grxeoh vdpsolqj ghvljq lq Hehqh}hu Dtxlihu1 Sulpdu| vdpsoh vlwhv duh

ghvljqdwhg e| rshq flufohv/ dqg vhfrqgdu| vdpsoh vlwhv duh ghvljqdwhg e| forvhg flufohv1

4<



dq h�ruw vkrxog eh pdgh wr �oo lq dq| plvvlqj lqirupdwlrq1 Li srlqw vrxufhv ri frqwd0

plqdwlrq duh ri frqfhuq/ wkhq d olvw ri doo srlqw vrxufhv lv uhtxluhg/ lqirupdwlrq wkdw

lv qrw dydlodeoh iurp UI61

Lw pd| qrw eh sudfwlfdo wr eh rewdlq vxfk d olvw iudph ri doo zdwhu uhvrxufhv zlwklq d

vwdwh1 Pxowlsoh0vwdjh vdpsolqj ghvljqv gr qrw uhtxluh olvw iudphv ri doo zdwhu uhvrxufhv/

dqg khqfh/ pd| eh pruh sudfwlfdo iru zdwhu uhvrxufh prqlwrulqj1 Xqghu d wzr0vwdjh

vdpsolqj ghvljq +d vshfldo fdvh ri d pxowlsoh0vwdjh vdpsolqj ghvljq,/ wkh srsxodwlrq lv

�uvw sduwlwlrqhg lqwr sulpdu| vdpsoh xqlwv/ wkhq d vlpsoh udqgrp vdpsoh ri sulpdu|

xqlwv lv vhohfwhg/ dqg �qdoo|/ d vlpsoh udqgrp vdpsoh lv rewdlqhg iurp hdfk ri wkh

vhohfwhg sulpdu| xqlwv1 Wkxv/ zdwhu uhvrxufhv rqo| qhhg wr eh hqxphudwhg zlwklq

hdfk ri wkh vhohfwhg sulpdu| xqlwv1 Sulpdu| xqlwv vkrxog eh vpdoo hqrxjk vr wkdw

doo zdwhu uhvrxufhv zlwklq hdfk ri wkhp fdq eh hdvlo| hqxphudwhg1 Wkh  h{lelolw| ri

pxowlsoh0vwdjh vdpsolqj ghvljqv lv looxvwudwhg e| wkh iroorzlqj h{dpsohv=

� Wr lqyhvwljdwh wkh wursklf ohyhov ri doo vpdoo odnhv lq d uhjlrq/ wkh vwdwh pd|

�uvw eh sduwlwlrqhg lqwr kh{djrqv1 Wkhq d vlpsoh udqgrp vdpsoh ri kh{djrqv lv

vhohfwhg1 Wkh vpdoo odnhv duh hqxphudwhg zlwklq hdfk ri wkh vhohfwhg kh{djrqv/

dqg wkhq d vlpsoh udqgrp vdpsoh ri odnhv lv rewdlqhg iurp hdfk ri wkh vhohfwhg

kh{djrqv1 Ilqdoo| zdwhu vdpsohv duh froohfwhg iurp hdfk ri wkh vhohfwhg odnhv1

� Wr lqyhvwljdwh srlqw vrxufhv ri hqylurqphqwdo frqwdplqdwlrq/ wkh vwdwh pd| �uvw

eh sduwlwlrqhg lqwr Qdwxudo Uhvrxufh Frqvhuydwlrq Vhuylfh +QUFV, zdwhuvkhg

53



xqlwv1 Wkhq d vlpsoh udqgrp vdpsoh ri zdwhuvkhg xqlwv lv vhohfwhg1 Wkh srlqw

vrxufhv duh hqxphudwhg zlwklq hdfk ri wkh vhohfwhg zdwhuvkhg xqlwv/ dqg wkhq d

vlpsoh udqgrp vdpsoh ri wkh srlqw vrxufhv lv rewdlqhg1 Ilqdoo|/ zdwhu vdpsohv

pd| eh rewdlqhg xsvwuhdp dqg grzqvwuhdp ri wkh vhohfwhg srlqw vrxufhv1

� Wr lqyhvwljdwh wkh vrlov ri Hehqh}hu Dtxlihu/ ? sdudooho olqh wudqvhfwv pd| eh

udqgrpo| orfdwhg zlwklq wkh dtxlihu/ dqg wkhq6 vrlo vdpsohv pd| eh udqgrpo|

vhohfwhg dorqj wkh ohqjwk ri hdfk wudqvhfw +Iljxuh ,1 Khuh/ wkh wudqvhfwv duh

wuhdwhg dv wkh sulpdu| vdpsoh xqlwv1

Iurp wkh wklug h{dpsoh deryh/ revhuyh wkdw wkh wudqvhfw vdpsolqj ghvljq idploldu

wr hfrorjlvwv lv d vshfldo fdvh ri d wzr0vwdjh vdpsolqj ghvljq1 Wzr0vwdjh vdpsolqj

ghvljqv fdq eh h{whqghg lqwr pxowlsoh vwdjh ghvljqv e| ixuwkhu sduwlwlrqlqj hdfk ri

wkh vdpsohg sulpdu| xqlwv lqwr vhfrqgdu| xqlwv/ sduwlwlrqlqj vdpsohg vhfrqgdu| xqlwv

lqwr whuwldu| xqlwv/ dqg vr rq1 Dw hdfk vwdjh/ d vlpsoh udqgrp vdpsoh ri wkh xqlwv

gh�qhg wkdw vwdjh lv rewdlqhg1 Pxowlsoh0vwdjh vdpsolqj ghvljqv pd| eh prgl�hg wr

doorz vwudwl�hg udqgrp vdpsolqj gxulqj dq| vwdjh ri wkh ghvljq1

Xqghu wkh deryh frqyhqwlrqdo vdpsolqj ghvljqv/ wkh vdpsoh vhohfwlrq surfhgxuh

grhv qrw ghshqg rq wkh revhuydwlrqv rewdlqhg gxulqj wkh frxuvh ri wkh vxuyh|1 Xqghu

dgdswlyh vdpsolqj ghvljqv/ krzhyhu/ wkh vhohfwlrq ri ixwxuh vdpsoh vlwhv ghshqgv rq

wkh revhuydwlrqv wkdw kdyh ehhq rewdlqhg xs wr wkh suhvhqw wlph1 Dgdswlyh foxvwhu

vdpsolqj ghvljqv duh sduwlfxoduo| vxlwdeoh iru wkh lqyhvwljdwlrq ri kljko| orfdol}hg

54



Iljxuh 8= Olqh wudqvhfw ghvljq lq Hehqh}hu Dtxlihu1

skhqrphqd vxfk dv foxvwhuv ri d uduh vshflhv ru krw vsrwv ri kljko| frqwdplqdwhg

hqylurqphqwdo uhvrxufhv +Wkrpsvrq 4<<3/ 4<<5,1 Xqghu dq dgdswlyh foxvwhu vdpsolqj

ghvljq/ d vlpsoh udqgrp vdpsoh ri orfdwlrqv lv �uvw vhohfwhg +Iljxuh 9,1 Li d jlyhq

vdpsoh vlwh vdwlv�hv d jlyhq frqglwlrq +l1h1/ suhvhqfh ri d uduh vshflhv/ ru kljk ohyhov

ri frqwdplqdwlrq,/ dgglwlrq vdpsoh vlwhv duh foxvwhuhg durxqg wkdw vlwh1 Wklv surfhvv

lv uhshdwhg zlwk wkh qhz vdpsoh orfdwlrqv xqwlo qr qhz vlwhv duh dgghg zklfk vdwlvi|

wkh fulwhulrq1

Wkh deryh h{dpsohv looxvwudwh mxvw d iudfwlrq ri wkh glyhuvlw| ri dydlodeoh suredelolw|0

edvhg vdpsolqj ghvljqv1 Suredelolw|0edvhg vdpsolqj ghvljqv fdq eh wdloruhg iru doprvw

dq| vflhqwl�f vlwxdwlrq dqg fdq eh frqvwuxfwhg lq uhvsrqvh wr pdq| exgjhwdu| dqg

vflhqwl�f frqvwudlqwv1
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Iljxuh 9= Dgdswlyh foxvwhu vdpsolqj ghvljq1 Iluvw 43 vdpsoh xqlwv duh vhohfwhg dw

udqgrp +gdun vkdghg vtxduhv,1 Wkhq dgmdfhqw xqlw duh dgghg wr wkh vdpsoh zkhqhyhu

rqh ru pruh srlqwv duh revhuyhg lq wkh vhohfwhg xqlw +oljkw vkdghg vtxduhv,1
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616 Vdpsolqj ryhu Vsdfh dqg Wlph

Vr idu/ zh kdyh rqo| frqvlghuhg suredelolw|0edvhg ghvljqv iru vhohfwlqj vdpsoh vlwhv dw

d jlyhq srlqw lq wlph1 Khuh/ zh vkdoo frqvlghu wkh doorfdwlrq ri vdpsolqj h�ruw ryhu

vsdfh dqg wlph1 Wkhuh duh dw ohdvw irxu dssurdfkhv wr vdpsolqj ryhu vsdfh dqg wlph=

� Shupdqhqw Vwdwlrqv= D vdpsoh ri ? shupdqhqw vdpsoh vwdwlrqv duh vhohfwhg

iurp vrph suredelolw|0edvhg ghvljq> gdwd duh froohfwhg iurp hdfk vdpsoh vwdwlrq

gxulqj hyhu| vdpsoh lqwhuydo1

� Vhuldoo| Dowhuqdwlqj Ghvljq= Vdpsoh vwdwlrqv duh vhohfwhg iurp vrph suredelolw|0

edvhg ghvljq dqg duh sduwlwlrqhg lqwr 6 vhwv ri htxdo vl}h ?1 Vhw � lv wkhq

vdpsohg gxulqj lqwhuydov �c � n 6c � n 26c � � � c dv vkrzq lq Wdeoh 4 +Udr dqg

Judkdp 4<97,1 Wklv ghvljq zdv sursrvhg iru wkh Hqylurqphqwdo Prqlwrulqj

dqg Dvvhvvphqw Surjudp +HPDS, +Phvvhu hw1 do 4<<4,> khuh HPDS kh{djrqv

duh sduwlwlrqhg lqwr 6 vhwv ri vl}h ?/ dqg kh{djrqv duh vdpsohg dv ghvfulehg

deryh1

� Urwdwlqj Sdqho Ghvljq= Vdpsoh vwdwlrqv duh lqlwldoo| vhohfwhg iurp vrph suredelolw|0

edvhg ghvljq dqg duh sduwlwlrqhg lqwr6 vhwv ri htxdo vl}h ?1 Gxulqj hdfk vdpsoh

lqwhuydo/ rqh vhw ri vlwhv lv gursshg iurp wkh vdpsoh/ dqg lv uhsodfhg e| dq dg0

glwlrqdo vhw ri ? vlwhv vhohfwhg iurp wkh suredelolw|0edvhg ghvljq dv vkrzq lq

Wdeoh 5 +Vndovnl 4<<3,1
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Vdpsolqj Lqwhuydo +lh1/ |hdu/ prqwk/ vhdvrq,

Vhw 4 5 6 7 8 9 : ; < 43 44 45

4 [ [ [

5 [ [ [

6 [ [ [

7 [ [ [

Wdeoh 4= Vhuldoo| dowhuqdwlqj ghvljq1

� Hyhu0Fkdqjlqj Vwdwlrqv1 Xqghu wklv vdpsoh ghvljq/ d qhz dqg lqghshqghqw

suredelolw| vdpsoh lv rewdlqhg gxulqj hdfk vdpsoh lqwhuydo1

Wkh odwwhu wkuhh vdpsoh ghvljqv fdq eh dxjphqwhg e| vhohfwlrq ri dgglwlrqdo shu0

pdqhqw vdpsoh vwdwlrqv zklfk duh wr eh vdpsohg gxulqj hdfk lqwhuydo +Xutxkduw/

Ryhuwrq/ dqg Elunhv 4<<6,1

Wkh ydulrxv dowhuqdwlyhv wr vsdwlr0whpsrudo vdpsolqj r�hu d qxpehu ri dgydqwdjhv

dqg glvdgydqwdjhv zlwk uhvshfw wr ghvljq0edvhg lqihuhqfh dqg vsdwlr0whpsrudo prgho0

lqj dqg suhglfwlrq1 Fruuhodwlrq pdwulfhv duh ri eorfn0Wrhsolw} irup xqghu shupdqhqw

vwdwlrq dqg vhuldoo| dowhuqdwlqj ghvljqv/ dqg vr/ frpsxwdwlrqdoo| pruh h!flhqw dojr0

ulwkpv pd| eh xvhg gxulqj vsdwlr0whpsrudo prgholqj1 Li whpsrudo wuhqgv duh h{shfwhg

wr ghshqg rq orfdwlrq/ shupdqhqw vwdwlrq dqg vhuldoo| dowhuqdwlqj ghvljqv duh prvw
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Vdpsolqj Lqwhuydo +lh1/ |hdu/ prqwk/ vhdvrq,

Vhw 4 5 6 7 8 9 : ; < 43 44 45

4 [

5 [ [

6 [ [ [

7 [ [ [ [

8 [ [ [ [

9 [ [ [ [

: [ [ [ [

; [ [ [ [

< [ [ [ [

43 [ [ [ [

44 [ [ [ [

45 [ [ [ [

46 [ [ [

47 [ [

48 [

Wdeoh 5= Urwdwlqj sdqho ghvljq1
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vxlwdeoh iru hvwlpdwlqj vxfk txdqwlwlhv dv wkh sursruwlrq ri vwuhdp plohv vkrzlqj lp0

surylqj ru ghjudglqj hqylurqphqwdo frqglwlrqv1 Shupdqhqw vwdwlrq ghvljqv |lhog wkh

vpdoohvw ohyho ri vsdwldo fryhudjh/ zkloh wkh juhdwhvw ohyho ri vsdwldo fryhudjh lv re0

wdlqhg xqghu hyhu0fkdqjlqj vwdwlrq ghvljqv1 Uhshdwhg vdpsolqj dw shupdqw vwdwlrqv

pd| kdyh dq lpsdfw rq wkh orfdo hqylurqphqwv dw wkrvh vwdwlrqv/ ru h{dpsoh/ wkurxjk

wkh wudpsolqj ri vhqvlwlyh yhjhwdwlrq e| revhuyhuv/ ru wkurxjk prgl�fdwlrq ri wkh

ehkdylru ri shrsoh nqrzlqj wkh orfdwlrqv ri wkrvh vwdwlrqv1

Wkh rswlpdo doorfdwlrq ri vdpsolqj h�ruw ryhu vsdfh dqg wlph ghshqgv rq wkh

uhodwlyh pdjqlwxgh ri vsdwldo dqg whpsrudo dxwrfruuhodwlrq1 Wklv vsdwlr0whpsrudo

dxwrfruuhodwlrq frphv iurp wkh revhuydwlrq wkdw gdwd forvh wrjhwkhu lq vsdfh ru wlph

duh olnho| wr eh pruh vlplodu wkdq gdwd froohfwhg idu dsduw ryhu vsdfh ru wlph1 Xqghu

vwurqj whpsrudo dxwrfruuhodwlrq/ uhshdwhg revhuydwlrqv dw d jlyhq vlwh zloo frqwdlq

d odujh dprxqw ri uhgxqgdqw lqirupdwlrq/ dqg vr wkh rswlpdo ghvljq zloo vdpsoh d

odujh qxpehu ri vlwhv dw lqiuhtxhqw wlphv1 Lq frqwudvw/ zkhq vsdwldo dxwrfruuhodwlrq lv

vwurqj/ gdwd froohfwhg dw gl�huhqw orfdwlrqv dw d jlyhq srlqw lq wlph zloo frqwdlq duh

odujh dprxqw ri uhgxqgdqw lqirupdwlrq/ dqg vr/ wkh rswlpdo ghvljq zloo frqvlvw ri d

ihz vljkwv wkdw duh vdpsohg iuhtxhqwo|1 Wr txdqwli| wkh rswlpdo doorfdwlrq ri vdpsolqj

h�ruw ryhu vsdfh dqg wlph/ zh uhtxluh hvwlpdwhv ri wkh uhodwlyh pdjqlwxghv ri vsdwldo

dqg whpsrudo dxwrfruuhodwlrq1 Wkh iroorzlqj frqvlghuv Vhffkl ghswk gdwd iurp wzr

hqylurqphqwdo prqlwrulqj surjudpv lqyroylqj wkh odnhv ri wkh Vdydqqdk Ulyhu Edvlq/
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wkh Fohdq Odnhv Surjudp ri VF0GKHF/ dqg wkh Uhjlrqdo Hqylurqphqwdo Prqlwrulqj

dqg Dvvhvvphqw Surjudp vsrqvruhg e| HSD1

Gdwd iurp wkh 4: vlwhv ri wkh Fohdq Odnhv Surjudp zhuh xvhg wr hvwlpdwh pdj0

qlwxgh ri whpsrudo fruuhodwlrq lq Vhffkl ghswk1 Revhuydwlrqv zhuh qrw froohfwhg dw d

vx!flhqw qxpehu ri vlwhv wr h�hfwlyho| prgho vsdwldo fruuhodwlrq xvlqj wklv gdwd1 Wkh

Vhffkl ghswk ~Et�c |�&� dw vlwh t� dqg wlph |�& +prqwk � lq |hdu &, zdv �w wr wkh olqhdu

prgho

~Et�c |�&� ' >n k� n � � n 0Et�c |�&�

zkhuh > lv wkh ryhudoo phdq/ k� lv wkh h�hfw ri vlwh �c � � lv wkh h�hfw ri prqwk �/ dqg

0Et�c |�&� lv wkh prgho huuru1 Wkh |hdu ri wkh revhuydwlrq glg qrw hqwhu vljql�fdqwo|

lqwr wkh prgho1 Whpsrudo ghshqghqfh lq ehwzhhq wkh gdwd dw wlphv | dqg |� dw vlwh t

pd| eh prghohg wkurxjk wkh whpsrudo ydulrjudp

2�|Em|� |�m� ' �@hi~Etc|�� ~Etc |��j(

dvvxph wkdw wkh ydulrjudp ghshqgv rqo| rq wkh gl�huhqfh m| � |�m ehwzhhq wkh wzr

srlqwv lq wlph1 Lq jhqhudo/ wkhuh zloo eh olwwoh yduldelolw| +kljk dxwrfruuhodwlrq, eh0

wzhhq gdwd dw wlphv wkdw duh forvh wrjhwkhu/ dqg khqfh wkh whpsrudo ydulrjudp zloo

eh vpdoo iru vkruw wlph odjv1 Frqyhuvho|/ wkhuh zloo eh kljk yduldelolw| +orz dxwrfru0

uhodwlrq, ehwzhhq gdwd dw wlphv wkdw duh idu dsduw/ dqg khqfh wkh ydulrjudp zloo whqg

wr eh dq lqfuhdvlqj ixqfwlrq ri wlph odj1 Li whpsrudo wuhqgv duh dghtxdwho| prghohg/

wkhq wkh ydulrjudp zloo whqg wr dssurdfk dq dv|pswrwh dv wkh wlph odj lqfuhdvhv> wkh
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wlph lw wdnhv wr dssurdfk wkdw dv|pswrwh lv wkh udqjh ri whpsrudo fruuhodwlrq1 Sdluv

ri revhuydwlrqv ixuwkhu dsduw wkdq wkh udqjh ri whpsrudo fruuhodwlrq duh qhjoljleo|

fruuhodwhg1

D qrqsdudphwulf hvwlpdwh ri wkh ydulrjudp fdq eh rewdlqhg iurp wkh uhvlgxdov

e0Et�c |�&� ' ~Et�c |�&�� ek� � e� �c
zkhuh ek� dqg e� � duh wkh ruglqdu| ohdvw vtxduhv hvwlpdwhv ri wkh sdudphwhuv k� dqg � �c

uhvshfwlyho|1 Wkhq wkh whpsrudo ydulrjudp dw vlwh t� pd| eh hvwlpdwhg e|

2e��Eo� '
�

��Eo�

[
�c&

me0Et�c |�&�� e0Et�c |�& n o�m2c

zkhuh ��Eo� lv wkh qxpehu ri sdluv ri revhuydwlrqv odj o dsduw lq wlph dw vlwh t�� D

srrohg hvwlpdwh ri wkh whpsrudo ydulrjudp ryhu doo ? vlwhv pd| wkhq eh rewdlqhg iurp

2e�|Eo� '
2
S?

�'�
��Eo�e��Eo�S?

�'�
��Eo�

�

Iljxuh : jlyhv wkh qrqsdudphwulf hvwlpdwh ri wkh whpsrudo ydulrjudp iru wkh Fohdq

Odnhv surjudp gdwd +forvhg flufohv,1 Wkh fxuyhg olqh jlyhv wkh ohdvw vtxduhv �w ri wkh

Jdxvvldq ydulrjudp prgho

2�|Eo� ' Sf n S}E�� e3ko2�� +4,

Hvwlpdwhv ri wkh ydulrjudp sdudphwhuv duh eSf ' f�2H�Dc eS} ' f�2f.c dqg ek ' f��ee�

Wkh odujh qxjjhw h�hfw ri eSf ' f�2H�D vxjjhvwv wkdw wkhuh lv d odujh dprxqw ri phdvxuh0

phqw huuru/ ru vkruw0whup yduldelolw| lq Vhffkl ghswk1 Wkh hvwlpdwh ri k fruuhvsrqgv wr
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Iljxuh := Whpsrudo ydulrjudp iru Fohdq Odnhv Surjudp gdwd1 Wkh forvhg flufohv jlyh

wkh qrqsdudphwulf hvwlpdwhv/ zkloh wkh fxuyhg olqh jlyhv wkh �wwhg ydulrjudp prgho1

d udqjh ri whpsrudo dxwrfruuhodwlrq ri
t
�*ek ' e�S prqwkv> revhuydwlrqv pruh wkdq

e�S prqwkv dsduw duh qhjoljleo| fruuhodwhg +fruuhodwlrqv duh ohvv wkdq e3� �' f�fD,1

Hvwlpdwhg prqwko| +Wdeoh 6, phdqv vkrz wkh vdph sdwwhuq dv lq Iljxuh 4> Vhffkl

ghswk lv orzhvw lq Dsulo/ lqfuhdvhv wr d pd{lpxp lq Mxqh/ dqg wkhq ghfuhdvhv wr dq

dv|pswrwh1
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Prqwk Phdq +p, Vwdqgdug Huuru

Dsulo 51;64 313<5

Pd| 6157: 313<3

Mxqh 61;6< 313<6

Mxo| 619;7 313<6

Dxjxvw 617<< 313<9

Vhswhpehu 61787 313<4

Rfwrehu 618;6 313<7

Wdeoh 6= Phdq vhffkl ghswk e| prqwk iru Fohdq Odnhv Surjudp gdwd

Wkh UHPDS gdwd zdv xvhg wr prgho vsdwldo fruuhodwlrq lq Vhffkl ghswk1 UHPDS

revhuydwlrqv zhuh qrw froohfwhg dw d vx!flhqw qxpehu ri wlphv wr h�hfwlyho| prgho

whpsrudo dxwrfruuhodwlrq1 Pruhryhu/ wkh deryh uhvxowv ri dqdo|vlv ri wkh Fohdq Odnhv

Surjudp gdwd vxjjhvw wkdw wkh udqjh ri whpsrudo dxwrfruuhodwlrq lv rqo| 719 prqwkv/

zklfk lv vkruwhu wkdq wkh rqh0|hdu wlph lqwhuydo vhsdudwlqj wkh UHPDS revhuydwlrqv1

Wkh Vhffkl ghswk ~Et�c |�� dw orfdwlrq t� dqg |hdu |� zdv �w wr wkh olqhdu prgho

~Et�c |�� ' >n � � n 0Et�c |��c

zkhuh > lv wkh ryhudoo phdq/ � � lv wkh h�hfw ri |hdu �/ dqg 0Et�c |�� lv wkh prgho

huuru1 Wkh vsdwldo ghshqghqfh ehwzhhq gdwd dw orfdwlrqv t dqg � dw d jlyhq wlph | lv
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prghohg wkurxjk wkh vsdwldo ydulrjudp

2�rEnt� �n� ' �@hi~Etc|�� ~E�c |�j(

dvvxph wkdw 2�r ghshqgv rqo| rq wkh glvwdqfh nt� �n ehwzhhq wkh wzr orfdwlrqv1 Lq

jhqhudo/ wkhuh zloo eh olwwoh yduldelolw| +kljk vsdwldo dxwrfruuhodwlrq, ehwzhhq gdwd dw

forvh orfdwlrqv/ dqg khqfh wkh whpsrudo ydulrjudp zloo eh vpdoo iru vkruw glvwdqfh

odjv1 Frqyhuvho|/ wkhuh zloo eh kljk yduldelolw| +orz vsdwldo dxwrfruuhodwlrq, ehwzhhq

gdwd dw idu dsduw orfdwlrqv/ dqg khqfh wkh ydulrjudp zloo whqg wr eh dq lqfuhdvlqj

ixqfwlrq ri glvwdqfh odj1 Li vsdwldo wuhqgv duh dghtxdwho| prghohg/ wkhq wkh ydulrjudp

zloo whqg wr dssurdfk dq dv|pswrwh dv wkh wlph odj lqfuhdvhv> wkh glvwdqfh dw zklfk

lw dssurdfkhv wkdw dv|pswrwh lv wkh udqjh ri vsdwldo fruuhodwlrq1 Sdluv ri revhuydwlrqv

ixuwkhu dsduw wkdq wkh udqjh ri vsdwldo dxwrfruuhodwlrq duh qhjoljleo| fruuhodwhg1

D qrqsdudphwulf hvwlpdwh ri wkh vsdwldo ydulrjudp dw odj glvwdqfh _c dqg dw wlph

|� pd| eh rewdlqhg iurp

2e��E_� '
�

��E_�

[
�c&

m~Et�c |��� ~Et&c |��m2 c

zkhuh wkh vxp lv ryhu doo sdluv ri vlwhv dssur{lpdwho| _ dsduw/ dqg��E_� lv wkh qxpehu

ri vxfk sdluv ri vlwhv1 D srrohg hvwlpdwh ri wkh vsdwldo ydulrjudp ryhu doo vdpsolqj

lqwhuydov pd| wkhq eh rewdlqhg iurp

2e�rE_� '
2
SA

�'�
��E_�e��E_�SA

�'�
��E_�

�
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Iljxuh ; jlyh wkh qrqsdudphwulf hvwlpdwh ri wkh vsdwldo ydulrjudp iru wkh UHPDS

gdwd +forvhg flufohv,1 Wkh fxuyhg olqh jlyhv wkh zhljkwhg ohdvw vtxduhv �w ri wkh

h{srqhqwldo ydulrjudp prgho

2�rE_� ' Sf n SeE�� e3k_�� +5,

Uhvwulfwhg pd{lpxp olnholkrrg hvwlpdwhv ri wkh ydulrjudp sdudphwhuv duh eSf ' f�.2Sc

eSe ' ��2b�.c dqg ek ' f�f.b.� Wkh odujh qxjjhw h�hfw ri eSf ' f�.2S vxjjhvwv wkdw wkhuh

lv d odujh dprxqw ri phdvxuhphqw huuru/ ru plfurvfdoh vsdwldo yduldelolw| lq Vhffkl

ghswk1 Wkh hvwlpdwh ri k fruuhvsrqgv wr d udqjh ri whpsrudo fruuhodwlrq ri �*ek ' �.�.

np> revhuydwlrqv pruh wkdq �.�. np dsduw duh qhjoljleo| fruuhodwhg +fruuhodwlrqv duh

ohvv wkdq e3� �' f�fD,1

Wkh uhvxowv ghvfulehg deryh vkrz wkdw Vhffkl ghswk h{klelwv erwk vwurqj vsdwldo

dqg whpsrudo fruuhodwlrq lq odnhv ri wkh Vdydqqdk Ulyhu edvlq1 Wklv fruuhodwlrq

vxjjhvwv wkdw wkhuh lv vrph uhgxqgdqf| lq wkh gdwd1 Wkh ohyho ri uhgxqgdqf| pd| eh

txdqwl�hg e| frpsxwlqj wkh h�hfwlyh vdpsoh vl}h/ zklfk lv gh�qhg wr eh wkh qxpehu ri

lqghshqghqw vdpsohv uhtxluhg wr dfklhyh wkh vdph suhflvlrq ri sdudphwhu hvwlpdwh dv d

vdpsoh ri fruuhodwhg revhuydwlrqv ri d jlyhq vdpsoh vl}h1 Frqvlghu/ iru h{dpsoh/ prgho

edvhg hvwlpdwlrq ri wkh phdq1 Wkh yduldqfh ri wkh vdpsoh phdq ri ? xqfruuhodwhg

revhuydwlrqv lv htxdo wr

T� '
j2

?
c
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Iljxuh ;= Vsdwldo Ydulrjudp iru UHPDS gdwd1 Wkh forvhg flufohv jlyh wkh qrqsdud0

phwulf hvwlpdwhv/ zkloh wkh fxuyhg olqh jlyhv wkh �wwhg ydulrjudp prgho1
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zkloh wkh yduldqfh ri wkh vdpsoh ri ? fruuhodwhg revhuydwlrqv lv htxdo wr

T2 '
j2

?2

?[
�'�

?[
�'�

4��c

zkhuh j2 lv wkh srsxodwlrq yduldqfh dqg 4�� lv wkh fruuhodwlrq ehwzhhq revhuydwlrqv �

dqg �1 Wkhq wkh h�hfwlyh vdpsoh vl}h lv htxdo wr

?� T�

T2

'
?2S?

�'�

S?
�'�

4��
�

Wdeoh 7 jlyhv wkh h�hfwlyh vdpsoh vl}h iru gl�huhqw vdpsolqj iuhtxhqflhv xqghu wkh

�wwhg whpsrudo Jdxvvldq ydulrjudp prgho +4,1 Zkhq vdpsolqj xs wr wkuhh wlphv shu

|hdu/ wkh h�hfwlyh vdpsoh vl}h lv yhu| forvh wr wkh qxpehu ri vdpsohv wdnhq1 Krz0

hyhu/ dv wkh vdpsolqj iuhtxhqf| lqfuhdvhv/ wkh uhgxqgdqf| lq wkh gdwd dovr lqfuhdvhv/

uhvxowlqj lq h�hfwlyh vdpsoh vl}hv wkdw duh d iudfwlrq ri wkh wrwdo qxpehu ri vdpsohv

wdnhq1

Wdeoh 8 vkrzv wkh h�hfwlyh vdpsoh vl}hv ri wkh wzr UHPDS vdpsohv xqghu wkh

�wwhg h{srqhqwldo ydulrjudp prgho +5,1 Qrwlfh wkdw wkhuh lv frqvlghudeoh uhgxqgdqf|

lq wkh UHPDS gdwd> wkh h�hfwlyh vdpsoh vl}h lv ohvv wkdq d wklug ri wkh qxpehu ri

vdpsohv wdnhq lq hdfk ri wkh wzr |hduv1
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Vdpsoh Iuhtxhqf| Wrwdo Vdpsohv H�hfwlyh Vdpsoh Vl}h

Wzlfh shu Prqwk 573 8618

Rqfh shu Prqwk 453 7:17

Vl{ wlphv shu \hdu 93 6;19

Irxu wlphv shu \hdu 73 6518

Wkuhh wlphv shu \hdu 63 5:1:

Wzlfh shu \hdu 53 4<1<

Rqfh shu \hdu 43 4313

Wdeoh 7= H�hfwlyh vdpsoh vl}h dv d ixqfwlrq ri vdpsoh iuhtxhqf| iru d 43 |hdu vwxg|1

\hdu Wrwdo Vdpsohv H�hfwlyh Vdpsoh Vl}h

4<<8 75 4416

4<<9 68 431<

Wdeoh 8= H�hfwlyh vdpsoh vl}h iru wkh wzr UHPDS vdpsoh |hduv
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Wkh rswlpdo doorfdwlrq ri vdpsolqj h�ruw ryhu vsdfh dqg wlph zdv lqyhvwljdwhg xq0

ghu ydu|lqj udqjhv ri vsdwldo dqg whpsrudo fruuhodwlrq1 Vhuldoo| dowhuqdwlqj vdpsolqj

ghvljqv zlwk ydu|lqj vdpsolqj iuhtxhqflhv/ qxpehu ri vdpsoh vwdwlrqv shu vdpsolqj

lqwhuydo/ dqg qxpehuv ri f|fohv zhuh lqyhvwljdwhg1 Hdfk ghvljq kdv dq htxdo wrwdo

vdpsolqj h�ruw ri ? ' 2DS vdpsohv lq d �S � �S xqlw uhjlrq ryhu dq ; |hdu shulrg1

Vdpsolqj iuhtxhqflhv ri 318/ 4/ 5/ 7/ dqg ; wlphv shu |hdu zhuh frqvlghuhg1 Wkh qxp0

ehu ri f|fohv udqjhg iurp �c 2c ec � � � c Hsc zkhuh s lv wkh vdpsolqj iuhtxhqf|1 Qrwh wkdw

zkhq wkh qxpehu ri f|fohv lv htxdo wr 4/ zh kdyh d shupdqhqw vwdwlrq ghvljq/ dqg

zkhq wkh qxpehu ri f|fohv lv htxdo wr Hs / zh kdyh dq hyhu0fkdqjlqj vwdwlrq ghvljq1

Xqghu d &0f|foh ghvljq zlwk d vdpsolqj iuhtxhqf| ri sc wkh wrwdo qxpehu ri orfd0

wlrqv vdpsohg lv 6 ' �2&*s� Wkhvh vwdwlrqv zhuh udqgrpo| orfdwhg lq wkh �S � �S

xqlw uhjlrq xqghu wkh frqvwudlqw wkdw qr wzr vwdwlrqv eh orfdwhg zlwklq H*
s
6 ri rqh

dqrwkhu1

Wdeoh 9 jlyhv wkh rswlpxp qxpehu ri f|fohv wr hvwlpdwh olqhdu whpsrudo wuhqg iru

d vhuldoo| dowhuqdwlqj xqghu gl�huhqw udqjhv ri vsdwldo dqg whpsrudo dxwrfruuhodwlrq1

Khuh/ wkh gdwd ~Etc |� dw wkh orfdwlrq t dw wlph | duh prghohg dv

~Etc|� ' q
f
n q

�
|n 0Etc|�c

zkhuh wkh huuruv kdyh h{srqhqwldo vsdwlr0whpsrudo fruuhodwlrq ixqfwlrq

4E�co� ' ULhhi~Etc |�c ~Etn �c|n o�j

6:



' i Ti�� n�n *kr � �o*k|jc

kr lv wkh udqjh ri vsdwldo dxwrfruuhodwlrq/ dqg k| lv wkh udqjh ri whpsrudo dxwrfruuhod0

wlrq1 Wkh rswlpxp ghvljq lv gh�qhg wr eh wkh ghvljq xqghu zklfk wkh yduldqfh ri wkh

jhqhudo ohdvw vtxduhv hvwlpdwru ri q
�
lv plqlpl}hg/ dqg khqfh |lhogv wkh juhdwhvw srzhu

iru ghwhfwlqj olqhdu whpsrudo wuhqgv lq wkh gdwd1 Dprqj wkh ghvljqv frqvlghuhg/ wkh

rswlpdo vdpsolqj iuhtxhqf| zdv ; wlphv shu |hdu1 Iurp Wdeoh 9/ wkh rswlpdo ghvljq

xqghu d udqjh ri whpsrudo dxwrfruuhodwlrq ri 425 |hdu dqg vsdwldo dxwrfruuhodwlrq

ri ; xqlwv/ wkh rswlpdo ghvljq lv dq ; f|foh ghvljq1 Wkh rswlpdo qxpehu ri f|fohv

ghshqgv rq wkh uhodwlyh udqjhv ri vsdwldo dqg whpsrudo dxwrfruuhodwlrq1 Dv wkh udqjh

ri whpsrudo dxwrfruuhodwlrq lqfuhdvhv/ wkh rswlpdo qxpehu ri f|fohv dovr lqfuhdvhv/

exw dv wkh udqjh ri vsdwldo dxwrfruuhodwlrq lqfuhdvhv/ wkh rswlpdo qxpehu ri f|fohv

ghfuhdvhv1

7 Fxuuhqw Vwdwxv ri Vhfwlrq 638+e, Zdwhu Uhvrxufh Prqlwrulqj

Dowkrxjk Vhfwlrq 638+e, ri wkh Fohdq Zdwhu Dfw pdqgdwhv wkdw hdfk vwdwh vxeplw d

vxuidfh zdwhu txdolw| dvvhvvphqw uhsruw wr wkh Hqylurqphqw Surwhfwlrq Djhqf| +HSD,

hyhu| wzr |hduv/ olwwoh jxlgdqfh lv jlyhq dv wr zkdw vshfl�f gdwd vkrxog eh froohfwhg1

Frqvhtxhqwo|/ vwdwhv whqg wr ghvljq wkhlu zdwhu txdolw| prqlwrulqj surjudpv wr phhw

orfdo sulrulwlhv jryhuqlqj wkh doorfdwlrq ri wkhlu zdwhu uhvrxufhv/ dqg lq uhvsrqvh wr

orfdo vrxufhv ri hqylurqphqwdo ghjudgdwlrq11 Prvw vwdwhv gr qrw prqlwru doo ri wkhlu
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Udqjh ri Vsdwldo Dxwrfruuhodwlrq

4 5 7 ; 49

313958 5 5 4 4 4

31458 7 5 5 5 4

Udqjh ri 3158 ; 7 7 5 5

Whpsrudo 318 ; ; ; 7 7

Dxwrfruuhodwlrq 413 49 49 ; ; ;

513 65 49 49 49 ;

713 65 65 65 49 49

Wdeoh 9= Rswlpxp qxpehu ri f|fohv iru vhuldoo| dowhuqdwlqj ghvljqv xqghu gl�huhqw

ohyhov ri vsdwldo dqg whpsrudo fruuhodwlrq1

6<



zdwhuerglhv hyhu| wzr |hduv/ dqg gr qrw hpsor| suredelolw|0edvhg vdpsolqj ghvljqv

zkhq vhohfwlqj orfdwlrqv iru vdpsoh vlwhv1 Lqvwhdg vdpsoh vlwhv duh vhohfwhg dffruglqj

wr d qxpehu ri fulwhuld/ wkdw gl�hu dprqj vwdwhv dqg duh qrw dozd|v zhoo gh�qhg1 Iru

h{dpsoh/ wkh Vrxwk Fdurolqd Zdwhu Txdolw| Prqlwrulqj Surjudp vhohfwv 598 sulpdu|

vwdwlrqv wkdw duh lq xhqw ru h"xhqw wr vxe0edvlqv/ dw pdmru vwuhdpv dw vwdwh olqhv/

dw wkh frq xhqfh ri pdmru vwuhdpv/ deryh dqg ehorz pdmru lqgxvwuldo dqg pxqlflsdo

duhdv/ lq pdmru odnhv/ dqg dw wkh prxwk ri pdmru wulexwdulhv1 Lq Pdu|odqg/ wkh

Edvlf Zdwhu Prqlwrulqj Surjudp hvwdeolvkhg d qhwzrun ri 9; vlwhv lq orfdwlrqv zkhuh

nqrzq zdwhu txdolw| surjudpv h{lvw/ dqg lq ulyhuv ru pdmru wulexwdulhv mxvw deryh wkh

frq xhqfh zlwk d ulyhu/ exw h{foxghv duhdv zlwk qr vhulrxv zdwhu txdolw| sureohpv1

Lq hlwkhu fdvh/ wkh uhsuhvhqwdwlyhqhvv ri wkh vdpsoh vlwhv fdqqrw eh uhdglo| txdqwl�hg/

dqg khqfh hvwlpdwhv ri wkh ryhudoo txdolw| ri wkh vwdwhv* zdwhu uhvrxufhv duh olnho|

eh eldvhg/ hvshfldoo| lq vwdwhv zklfk dyrlg duhdv wkrxjkw wr frqwdlq qr vhulrxv zdwhu

txdolw| sureohpv1

Lq ghihqvh ri vwdwh h�ruwv/ lw vkrxog eh srlqwhg rxw wkdw ihghudo zdwhu uhvrxufh prq0

lwrulqj ghvljqv kdyh qrw surylghg ohdghuvkls e| hpsor|lqj suredelolw|0edvhg ghvljqv

wkhpvhoyhv1 Wkh Qdwlrqdo Vwuhdp Txdolw| Dffrxqwlqj Qhwzrun +QDZTDQ,/ wkh Qd0

wlrqdo Zdwhu0Txdolw| Dvvhvvphqw Surjudp +QDZTD,/ dqg wkh Qdwlrqdo Vwdwxv dqg

Wuhqgv Surjudp +QV)W, doo hpsor| mxgjphqw vdpsolqj ghvljqv1 Lw lv lqwhuhvwlqj

wr qrwh wkdw/ zkloh wkh Elrprqlwrulqj Hqylurqphqwdo Vwdwxv dqg Wuhqgv Surjudp
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+EHVW, xvhv d suredelolw|0edvhg ghvljq wr prqlwru suhvwlflghv lq vwduolqjv/ lw xvhv d

mxgjphqw vdpsolqj ghvljq wr prqlwru shvwlflghv lq �vk1 Wkh Hqylurqphqwdo Prqlwru0

lqj dqg Dvvhvvphqw Surjudp +HPDS, lv wkh rqo| odujh ihghudo surjudp wkdw hpsor|v d

suredelolw|0edvhg vdpsolqj ghvljq wr prqlwru dtxdwlf uhvrxufhv/ exw wklv surjudp zdv

rqo| uhfhqwo| hvwdeolvkhg dqg kdv d txhvwlrqdeoh ixwxuh1 Lq frqwudvw/ prvw surjudpv

wkdw prqlwru whuuhvwuldo uhvrxufhv/ lqfoxglqj HPDS/ xvh suredelolw|0edvhg vdpsolqj

ghvljqv +Rovhq hw do1 4<<;,1

Uhfhqw |hduv kdyh vhhq dwwhpswv wr lpsuryh zdwhu txdolw| prqlwrulqj h�ruwv1 Wkh

Lqwhujryhuqphqwdo Wdvn Irufh rq Prqlwrulqj Zdwhu Txdolw| +LWIP, zdv hvwdeolvkhg

lq 4<<5 wr uhylhz dqg hydoxdwh qdwlrqdo zdwhu txdolw| prqlwrulqj h�ruwv dqg wr pdnh

uhfrpphqgdwlrqv iru lpsuryhphqwv1 Wkh LWIP kdv uhfrpphqghg wkdw vwdwhv fkdqjh

iurp d 5 |hdu uhsruwlqj f|foh wr d 8 ru 9 |hdu uhsruwlqj f|foh1 E| grlqj vr/ vwdwhv

pd| lqfuhdvh vsdwldo fryhudjh ri wkhlu zdwhu uhvrxufhv wkurxjk wkh lpsohphqwdwlrq ri

vhuldoo| dowhuqdwlqj vdpsolqj ghvljqv1

Lq 4<<3/ wkh HSD hvwdeolvkhg wkh Qdwlrqdo 638+e, Frqvlvwhqf| Zrunjurxs wr dg0

guhvv yduldwlrq lq vdpsolqj surwrfrov dqg uhsruwlqj phwkrgv dprqj vwdwhv1 Lq uh0

vsrqvh wr h�ruwv ri wklv zrunjurxs/ vhyhudo vwdwhv duh h{sorulqj phwkrgv iru rewdlqlqj

pruh uhsuhvhqwdwlyh vdpsohv ri wkhlu zdwhu uhvrxufhv1 Iru h{dpsoh/ Vrxwk Fdurolqd lv

hvwdeolvklqj Zdwhuvkhg Zdwhu Txdolw| Pdqdjhphqw +ZZTP, Vwdwlrqv dw wkh grzq0

vwuhdp dffhvv ri hyhu| Qdwxudo Uhvrxufh Frqvhuydwlrq Vhuylfh +QUFV, zdwhuvkhg xqlw1
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Wkxv/ d fhqvxv ri doo zdwhuvkhg xqlwv lv rewdlqhg1 Krzhyhu/ wkh uhsuhvhqwdwlyhqhvv ri

wkh uhvxowlqj gdwd ghshqgv rq krz zdwhuvkhg xqlwv duh sduwlwlrqhg1 Qhyhuwkhohvv/ wkh

ZZTP vwdwlrqv surylgh jrrg vsdwldo fryhudjh ri wkh Vrxwk Fdurolqd*v zdwhuvkhgv1

Vrph vwdwhv kdyh lpsohphqwhg suredelolw|0edvhg vdpsolqj ghvljqv1 Wkh Ghodzduh

Ghsduwphqw ri Qdwxudo Uhvrxufhv dqg Hqylurqphqwdo Frqvhuydwlrq vhohfwhg d vdpsoh

ri <9 vlwhv/ udqgrpo| vhohfwhg iurp d olvw iudph ri 6533 urdgzd| furvvlqjv ri qrqwlgdo

vwuhdpv lq wkh qruwkhuq wzr frxqwlhv ri wkh vwdwh1 Wkh Pdu|odqg Ghsduwphqw ri

Qdwxudo Uhvrxufhv udqgrpo| vhohfwhg d vdpsoh ri derxw 683 vlwhv iurp d olvw iudph ri

doo �uvw/ vhfrqg/ dqg wklug rughu vwuhdp uhdfkhv1

714 Uhvsrqvh wr 638+e, Frqvlvwhqf| Zrunjurxs

Wkh idloxuh ri vwdwhv wr dgdsw suredelolw|0edvhg vdpsolqj ghvljqv lq wkhlu zdwhu txdolw|

prqlwrulqj h�ruwv pd| lq sduw eh gxh wr plvshufhswlrqv uhjduglqj wkhlu olplwdwlrqv1

Pdq| ri wkhvh plvshufhswlrqv fdq eh irxqg lq wkh gudiw uhsruw ri wkh Prqlwrulqj

dqg Dvvhvvphqw Ghvljq Irfxv Jurxs ri wkh 638+e, Frqvlvwhqf| Zrunjurxs +4<<9,/

zklfk olvwv d qxpehu ri glvdgydqwdjhv dqg frqfhuqv zlwk suredelolw|0edvhg vdpsolqj

ghvljqv1 Wkh iroorzlqj vkdoo dgguhvv hdfk wkhvh e| vxjjhvwlqj krz d suredelolw|0edvhg

ghvljq wkdw fdq eh xvhg wr dgguhvv hdfk ri wkhvh frqfhuqv1 Qrwh wkdw wkhvh sursrvhg

ghvljqv pd| uhtxluh vrph prgl�fdwlrq iru vshfl�f dssolfdwlrqv1

Frqfhuq 41 Suredelolw|0edvhg ghvljqv zloo qrw lghqwli| qhz sureohp vlwhv xqohvv
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wkh| kdsshq wr eh vhohfwhg udqgrpo|1 D vlplodu vwdwhphqw frxog eh pdgh derxw mxgj0

phqw vdpsolqj ghvljqv= Mxgjphqw vdpsolqj ghvljqv zloo qrw lghqwli| qhz sureohp

vlwhv xqohvv wkh| fdq eh lghqwl�hg e| wkh lqyhvwljdwru1 Wkxv/ xqghu d mxgjphqw vdp0

solqj ghvljq/ wkh delolw| wr lghqwli| qhz sureohp vlwhv lv olplwhg e| wkh mxgjphqw ri

wkh lqyhvwljdwru1 Wkh suredelolw| ri lghqwli|lqj qhz sureohp vlwhv fdq eh lqfuhdvhg e|

lqfuhdvlqj wkh vsdwldo fryhudjh ri d vdpsolqj ghvljq hlwkhu wkurxjk lpsohphqwdwlrq

ri vhuldoo| dowhuqdwlqj ru urwdwlqj sdqho ghvljqv/ ru wkurxjk vdpsolqj d qhz vhw ri

vlwhv gxulqj hdfk vdpsolqj lqwhuydo1 D pruh h!flhqw dssurdfk zrxog uhtxluh dvvxps0

wlrqv uhjduglqj fdxvdo phfkdqlvpv/ dqg wkhq lqirupdwlrq rq wkh fdxvdo yduldeohv/

suhihuudeo| ryhu wkh hqwluh srsxodwlrq1 Iru h{dpsoh/ dq lqyhvwljdwru pljkw dwwhpsw

wr lghqwli| doo srwhqwldo srlqw vrxufhv ri hqylurqphqwdo frqwdplqdwlrq +iru h{dpsoh/

iurp d olvwlqj ri doo vhzdjh wuhdwphqw sodqwv/ ru doo sdshu ploov lq wkh vwdwh,1 Krz0

hyhu/ vx!flhqw uhvrxufhv pd| qrw eh dydlodeoh wr vdpsoh doo ri wkh srwhqwldo srlqw

vrxufhv1 Ixuwkhu lqirupdwlrq uhjduglqj wkh fkdudfwhulvwlfv ri wkh lghqwl�hg srwhqwldo

srlqw vrxufhv pljkw eh xvhg wr vhohfw zklfk rqhv duh prvw olnho| wr srvh hqylurqphqwdo

kd}dugv/ exw wkh frvw ri frpslolqj vxfk lqirupdwlrq pd| eh surklelwlyh1 Pruhryhu/

vrph srwhqwldo srlqw vrxufhv zklfk dsshdu wr srvh wr qr hqylurqphqwdo kd}dug/ dqg

khqfh duh qrw lqfoxghg lq wkh vdpsoh/ pd| lq wuxwk srvh d vljql�fdqw hqylurqphqwdo

kd}dug1

D suredelolw|0edvhg vdpsolqj ghvljq fdq eh xvhg wr lghqwli| zklfk srwhqwldo srlqw
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vrxufhv srvh d vljql�fdqw hqylurqphqwdo kd}dug1 Wklv fdq eh dffrpsolvkhg e| vh0

ohfwlqj d vlpsoh udqgrp vdpsoh ri srwhqwldo srlqw vrxufhv lq wkh �uvw |hdu ri wkh

lqyhvwljdwlrq1 Vhohfwhg vlwhv wkdw vkrz vljql�fdqw hqylurqphqwdo gdpdjh pd| wkhq eh

vdpsohg lq hdfk ri wkh qh{w |hduv/ shukdsv xqwlo wkh| phhw ru h{fhhg uhjxodwru| vwdq0

gdugv1 Lq wkh vhfrqg |hdu/ d vlpsoh udqgrp vdpsoh ri wkh uhpdlqlqj vlwhv lv vhohfwhg/

dqg djdlq/ wkrvh vlwhv vkrzlqj vljql�fdqw hqylurqphqwdo gdpdjh duh uhwdlqhg1 Wklv

surfhvv lv uhshdwhg lq vxevhtxhqw |hduv xqwlo doo srwhqwldo srlqw vrxufhv duh vdpsohg

dw ohdvw rqfh1

Lq vwdwhv zkhuh lw lv surklelwlyho| h{shqvlyh wr lghqwli| doo srwhqwldo srlqw vrxufhv

ri hqylurqphqwdo frqwdplqdwlrq/ d wzr0vwdjh vdpsolqj ghvljq pljkw eh xvhg wr dvvlvw

lq wkh lghqwl�fdwlrq ri srlqw vrxufhv dv iroorzv= Wkh vwdwh*v zdwhu uhvrxufhv duh sdu0

wlwlrqhg lqwr wkh QUFV zdwhuvkhg xqlwv1 Lq wkh �uvw |hdu/ d vlpsoh udqgrp vdpsoh

ri wkh zdwhuvkhg xqlwv lv vhohfwhg1 Wkhq wkh srwhqwldo srlqw vrxufhv ri hqylurqphqwdo

frqwdplqdwlrq duh lghqwl�hg zlwklq hdfk ri wkh vhohfwhg zdwhuvkhg xqlwv1 D vlpsoh

udqgrp vdpsoh ri wkh lghqwl�hg srlqw vrxufhv pd| wkhq eh vhohfwhg1 Lq hdfk ri wkh

vxevhtxhqw |hduv/ d vlpsoh udqgrp vdpsoh ri wkh khuhwriruh xqvdpsohg zdwhuvkhg

xqlwv lv vdpsohg xqwlo doo zdwhuvkhg xqlwv kdyh ehhq vdpsohg1 Diwhu wkdw wlph/ wkh

surfhvv pd| eh uhshdwhg1 Wkxv/ lq hdfk |hdu/ rqo| wkrvh srwhqwldo srlqw vrxufhv zlwklq

wkh vhohfwhg zdwhuvkhg xqlwv qhhg e| hqxphudwhg/ iurp zklfk d vlpsoh udqgrp vdpsoh

fdq eh vhohfwhg iru �hog vdpsolqj1
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Dgdswlyh vdpsolqj ghvljqv duh sduwlfxoduo| zhoo vxlwhg wr wkh lghqwl�fdwlrq ri qhz

sureohp vlwhv xqghu qrqsrlqw vrxufhv ri hqylurqphqwdo frqwdplqdwlrq1 Vwduw zlwk d

vlpsoh udqgrp vdpsoh ri vlwhv1 Wkhq foxvwhu qhz vdpsoh vlwhv durxqg hdfk vlwh vkrz0

lqj d ohyho ri hqylurqphqwdo ghjudgdwlrq derxw vrph wkuhvkrog1 D uhvsrqvh0vxuidfh

prgho +P|huv 4<:9, pd| eh �w wr wkh gdwd/ wr lghqwli| orfdwlrqv zkhuh dgglwlrqdo

vdpsolqj lv uhtxluhg wr rewdlq dq hvwlpdwh ri wkh orfdwlrq ri wkh orfdo pd{lpxp

ohyho ri hqylurqphqwdo ghjudgdwlrq1 Rffdvlrqdoo|/ dgglwlrqdo vdpsoh srlqwv vkrxog eh

udqgrpo| vhohfwhg wr hqvxuh wkh lghqwl�fdwlrq ri qhz sureohp vlwhv1

Frqfhuq 51 Suredelolw|0edvhg ghvljqv zloo qrw ghwhuplqh whpsrudo wuhqgv dw sulrulw|

vlwhv1 Wkhuh duh d qxpehu ri yhu| ohjlwlpdwh uhdvrqv zk| vshfl�f sulrulw| vlwhv pd|

eh ri lqwhuhvw1 Iru h{dpsoh/ zh pd| zlvk wr lqyhvwljdwh wkh h!fdf| ri hqylurqphqwdo

uhphgldwlrq dw orfdwlrqv ri vhzdjh ru lqgxvwuldo glvfkdujh/ ru krw vsrwv nqrzq wr vkrz

hvshfldoo| kljk ohyhov hqylurqphqwdo gdpdjh1 Wr dvvhvv wkh h!fdf| ri vxfk uhvwrudwlrq

h�ruwv/ krzhyhu/ lw pd| eh qhfhvvdu| wr frpsduh whpsrudo wuhqgv dw wkhvh sulrulw|

vlwhv wr whpsrudo wuhqgv dw uhihuhqfh vlwhv/ vhohfwhg wr uhsuhvhqw frqglwlrqv h{lvwlqj

sulru wr hqylurqphqwdo ghjudgdwlrq dw wkh sulrulw| vlwhv1 Li lqwhuhvw olhv lq wkh ohyhov ri

frqwdplqdqwv lq wkh zdwhuv ri d ulyhu ru vwuhdp/ wkhq lw pd| vx!fh wr orfdwh uhihuhqfh

vlwhv xsvwuhdp ri sulrulw| vlwhv dqg d suredelolw|0edvhg vdpsolqj ghvljq qhhg qrw eh

frqvlghuhg1 Li/ krzhyhu/ lqwhuhvw olhv lq wkh uhvwrudwlrq ri wkh hfrorjlfdo frppxqlw| dw

sulrulw| vlwhv/ wkhq xsvwuhdp vlwhv duh qrw jxdudqwhhg wr eh uhsuhvhqwdwlyh ri frqglwlrqv
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wkdw kdg h{lvwhg sulru wr hqylurqphqwdo ghjudgdwlrq dw sulrulw| vlwhv/ dqg khqfh/ d

suredelolw|0edvhg vdpsolqj ghvljq vkrxog eh xvhg wr vhohfw uhihuhqfh vlwhv1 Wr ixuwkhu

hqvxuh wkh uhsuhvhqwdwlyhqhvv ri uhihuhqfh vdpsoh vlwhv/ d vwudwl�hg udqgrp vdpsolqj

ghvljq pljkw eh xvhg/ zkhuh wkh doorfdwlrq ri vdpsolqj h�ruw wr vwudwd lv sursruwlrqdo

wr wkh qxpehu ri sulrulw| vlwhv irxqg lq hdfk vwudwxp1 Dowhuqdwlyho|/ uhihuhqfh vlwhv

pd| eh orfdwhg vrph udqgrp glvwdqfh dqg gluhfwlrq iurp hdfk ri wkh sulrulw| vlwhv/

ru li vx!flhqw uhvrxufhv duh dydlodeoh/ wzr ru pruh uhihuhqfh vlwhv pd| eh foxvwhuhg

durxqg hdfk sulrulw| vlwh1

Frqfhuq 61 Suredelolw|0edvhg ghvljqv duh qrw ghvljqhg wr dvvhvv lpsuryhphqwv

lq vshfl�f zdwhuerglhv ru zdwhuvkhgv gxh wr frqwurov/ hqirufhphqw/ ru uhvwrudwlrq1

Zkhq dvvhvvlqj lpsuryhphqwv dw vshfl�f zdwhuerglhv ru zdwhuvkhgv lv ri lqwhuhvw/

wkhq hdfk ri wkh vshfl�hg zdwhuerglhv ru zdwhuvkhgv pxvw eh vdpsohg1 Krzhyhu/

wkh txhvwlrq uhpdlqv dv wr zkdw vshfl�f orfdwlrqv vkrxog eh vdpsohg zlwklq wkrvh

zdwhuerglhv ru zdwhuvkhgv1 Li wkh zdwhu txdolw| ri d vwuhdp ru ulyhu lv ri lqwhuhvw/

lw pd| vx!fh wr vdpsoh dw wkh h"xhqw hqg ri wkdw vwuhdp ru ulyhu1 Li/ rq wkh rwkhu

kdqg/ wkh vwdwxv ri wkh hfrorjlfdo frppxqlw|/ ru wkh txdolw| ri erwwrp vhglphqwv duh

ri lqwhuhvw/ d suredelolw|0edvhg ghvljq lv uhtxluhg wr hqvxuh wkdw wkh vdpsoh vlwhv duh

uhsuhvhqwdwlyh ri wkh zdwhuerg| ru zdwhuvkhg ri lqwhuhvw1 Khuh/ lqglylgxdo zdwhuerglhv

ru zdwhuvkhgv fdq eh wuhdwhg dv vwudwd iru d vwudwl�hg udqgrp vdpsolqj ghvljq1 Wkh

xvh ri d mxgjphqw vdpsolqj ghvljq wr vhohfw zkdw vshfl�f vlwhv duh wr eh vdpsohg
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zlwklq hdfk zdwhuerg| ru zdwhuvkhg fdq uhvxow lq eldvhg hvwlpdwhv ri vwdwxv dqg

whpsrudo zlwklq wkdw zdwhuerg| ru zdwhuvkhg1

Frqfhuq 71 Suredelolw|0edvhg ghvljqv uhvsrqg srruo| wr srolwlfdo sulrulwlhv1 Zlwk0

rxw pruh vshfl�fv uhjduglqj zkdw srolwlfdo sulrulwlhv duh wr eh frqvlghuhg/ lw lv qrw

srvvleoh wr pdnh vshfl�f uhfrpphqgdwlrqv dv wr krz d suredelolw|0edvhg vdpsolqj

ghvljq pd| dffrpprgdwh wkhp1 Krzhyhu/ wkh vdpsolqj lqwhqvlw| fdq dgmxvwhg wr

hqvxuh wkdw d kljkhu ghqvlw| ri vdpsoh vlwhv lv rewdlqhg lq kljk sulrulw| uhjlrqv dw wkh

frvw ri d orzhu ghqvlw| ri vdpsoh vlwhv lq orz sulrulw| uhjlrqv1

Frqfhuq 81 Li doo 638+e, dvvhvvphqwv zhuh edvhg rq fkdqjlqj suredelolvwlf vlwhv/

Vwdwhv zrxog qr orqjhu wudfn vshfl�f zdwhuerglhv dqg pdsslqj d vsdwldo dqdo|vlv zrxog

eh fxuwdlohg1 Wkh xvh ri fkdqjlqj suredelolvwlf vlwhv grhv qrw suhfoxgh whpsrudo dqg

vsdwldo dqdo|vlv ri wkh gdwd1 Vwdwlvwlfdo phwkrgv iru vxfk dqdo|vhv vkdoo eh glvfxvvhg lq

Vhfwlrq 815 ehorz1 Uhjdugohvv ri zkhwkhu d suredelolw|0edvhg ru mxgjphqw vdpsolqj

ghvljq lv xvhg/ wkh srzhu ri dqdo|vlv iru whpsrudo wuhqgv zlwklq vshfl�f zdwhuerglhv

zloo ghshqg rq krz pdq| revhuydwlrqv duh dydlodeoh zlwklq wkrvh zdwhuerglhv1 Krz0

hyhu/ li shupdqhqw vdpsoh vlwhv duh vhohfwhg dffruglqj wr d mxgjphqw vdpsolqj ghvljq/

wkhq wkh rqo| vwdwlvwlfdoo| mxvwl�deoh lqihuhqfhv duh zlwk uhvshfw wr wkrvh vshfl�f vlwhv1

Xqghu d suredelolw|0edvhg ghvljq/ vwdwlvwlfdoo| mxvwl�deoh lqihuhqfhv uhjduglqj whpsr0

udo wuhqgv fdq eh pdgh uhjduglqj wkh zdwhuerglhv dv d zkroh1 Pruhryhu/ vwdwlvwlfdo

whvwv iru wuhqg duh dovr olnho| wr eh pruh srzhuixo xqghu fkdqjlqj suredelolvwlf vdpsoh
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vlwhv wkdq xqghu d �{hg vwdwlrq ghvljq +Vhh Vhfwlrq 715,1

Frqfhuq 91 Suredelolw|0edvhg ghvljqv uhtxluh vljql�fdqw xs0iurqw h�ruw iru surshu

ghvljq dqg orqj0whup dgkhuhqfh wr wkh vwxg| sodq1 Wkh delolw| wr pdnh vwdwlvwlfdoo|

mxvwl�deoh lqihuhqfhv uhjduglqj wkh zdwhu uhvrxufhv dv d zkroh vkrxog mxvwli| wkh dgghg

xs0iurqw h�ruw uhtxluhg wr rewdlq dq dssursuldwh suredelolw|0edvhg ghvljq1 Wkh frvwv

ri orqj0whup dgkhuhqfh wr wkh vwxg| sodq fdq eh uhgxfhg e| xvlqj d vhuldoo| dowhuqdwlqj

ghvljq +vhh Vhfwlrq 715, lqvwhdg ri vhohfwlqj d qhz vhw ri suredelolvwlf vdpsoh srlqwv

iru hdfk vdpsoh lqwhuydo1

Frqfhuq :1 Xqghu d suredelolw|0edvh ghvljq/ vwdwhv zrxog orvh wkh ehqh�wv ri h{lvw0

lqj vlwhv zlwk pdq| |hduv ri gdwd1 Lq Vhfwlrq 913/ d phwkrg iru frpelqlqj klvwrulfdo

gdwd iurp d mxgjphqw vdpsoh ghvljq zlwk qhz gdwd iurp d suredelolw|0edvhg lv gh0

yhorshg1 Wkh sursrvhg phwkrg fdoov iru d shulrg ri ryhuods lq zklfk revhuydwlrqv

duh froohfwhg iurp erwk ghvljqv1 Wkhq wkh vsdwlr0whpsrudo dxwrfruuhodwlrq dprqj wkh

revhuydwlrqv iurp erwk gdwd edvhv lv h{sorlwhg wr edfn suhglfw zkdw gdwd zrxog kdyh

ehhq rewdlqhg kdg d suredelolw|0edvhg ghvljq ehhq xvhg iurp wkh yhu| ehjlqqlqj ri

wkh prqlwrulqj surjudp1 Wkh uhvxowlqj suhglfwru uholhv khdylo| rq wkh klvwrulfdo gdwd

edvh/ hvshfldoo| iru suhglfwlrqv pdq| |hduv lq wkh sdvw1

Frqfhuq ;1 Ghwhuplqlqj vrxufhv ri lpsdluphqw pd| eh eh|rqg wkh fdsdelolw| ri

suredelolw|0edvhg ghvljqv1 Uhvxowv ri revhuydwlrqdo vwxglhv fdq qrw surylgh gh�qlwlyh

hylghqfh wkdw d jlyhq idfwru ru frpelqdwlrq ri idfwruv duh uhvsrqvleoh iru hqylurq0
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phqwdo lpsdluphqw1 Fruuhodwlrqv ehwzhhq ohyhov ri hqylurqphqwdo lpsdluphqw dqg

doohjhg vrxufhv ri lpsdluphqw pd| eh vsxulrxv1 Pruhryhu/ wkh kljkhvw frqwdplqdqw

frqfhqwudwlrqv duh qrw qhfhvvdulo| orfdwhg qhdu wkhlu vrxufhv/ exw pd| eh orfdwhg

grzqvwuhdp zkhuh orfdo vlwh fkdudfwhulvwlfv pd| surprwh dgvruewlrq ri frqwdplqdqwv

lq wkh vhglphqw ru wkhlu hqwu| lqwr wkh irrg fkdlq1 Gh�qlwlyh hylghqfh iru fdxvdo

uhodwlrqvklsv fdq rqo| eh rewdlqhg wkurxjk udqgrpl}hg h{shulphqwdo pdqlsxodwlrqv

ri wkh hqylurqphqw1 Krzhyhu/ vxfk pdqlsxodwlrqv pd| qrw rqo| eh lpsudfwlfdo/ exw

dovr xqhwklfdo1 Qhyhuwkhohvv/ lw pd| eh srvvleoh wr jdlq vrph lqvljkw wkurxjk d fduh0

ixoo| sodqqhg revhuydwlrqdo vwxg|1 Vlwhv vkrxog eh vhohfwhg lq d idfwruldo duudqjhphqw

lq zklfk doo frpelqdwlrqv ri kljk dqg orz ohyhov ri hdfk ri wkh doohjhg fdxvdo idf0

wruv duh htxdoo| uhsolfdwhg1 Krzhyhu/ wkh lqirupdwlrq uhtxluhg iru vxfk d ghvljq pd|

qrw eh uhdglo| dydlodeoh1 D pruh frvw0h�hfwlyh dssurdfk zrxog eh wr lpsohphqw d

suredelolw|0edvhg ghvljq lq zklfk wkh doohjhg fdxvdo idfwruv duh phdvxuhg dorqj zlwk

wkh phdvxuhv ri lpsdluphqw1 Vxssohphqwdo vlwhv pd| wkhq eh dgghg wr surylgh lqiru0

pdwlrq iurp idfwru frpelqdwlrqv plvvhg e| wkh suredelolw|0edvhg ghvljq/ lpsurylqj

wkh srzhu wr vhsdudwh rxw fdxvdo frqwulexwlrqv1

Frqfhuq <1 Li wkh ghvljq grhv qrw doorz vdpsolqj dw dffhvv srlqwv olnh eulgjhv/

vdpsolqj hovhzkhuh zloo eh gl!fxow dqg h{shqvlyh1 Wkh vdylqjv lqfxuuhg e| vdpsolqj

dw dffhvv srlqwv pd| doorz odujhu vdpsoh vl}hv xqghu wljkw exgjhwdu| frqvwudlqwv/

dqg khqfh srwhqwldoo| pruh suhflvh hvwlpdwhv ri hqylurqphqwdo sdudphwhuv dqg pruh
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vwdwlvwlfdo srzhu iru ghwhfwlqj wuhqgv1 Suredelolw|0edvhg vdpsolqj phwkrgv fdq eh

xvhg wr vhohfw zkdw dffhvv srlqwv duh wr eh lqfoxghg lq wkh vdpsoh1 Krzhyhu/ wr

vwdwlvwlfdoo| mxvwli| lqihuhqfh wr wkh zdwhu uhvrxufh dv d zkroh/ hylghqfh lv uhtxluhg

wkdw wkh dffhvv srlqwv duh uhsuhvhqwdwlyh ri wkdw zdwhu uhvrxufh/ ru dowhuqdwlyho|/ dq

hvwlpdwh ri wkh eldv lqwurgxfhg e| vdpsolqj dw dffhvv srlqwv1 Wkhuh duh d qxpehu ri

uhdvrqv zk| wkh uhsuhvhqwdwlyhqhvv ri dffhvv srlqwv pd| eh txhvwlrqhg=

� Wkh ghqvlw| ri dffhvv srlqwv vxfk dv eulgjhv zloo whqg wr eh kljkhu lq uhjlrqv ri

kljk kxpdq srsxodwlrq ghqvlw|/ dqg orzhu zkhuh kxpdq srsxodwlrqv duh vsduvh1

� Wkh ohyho ri hqylurqphqwdo lpsdluphqw pd| ydu| zlwk wkh vxlwdelolw| ri orfdwlrqv

iru eulgjh frqvwuxfwlrq1 Gr zh uhdoo| zdqw eulgjh hqjlqhhuv wr ghwhuplqh zkhuh

zh vdpsohB

� Wkh eulgjhv wkhpvhoyhv pd| dgyhuvho| d�hfw wkhlu orfdo hqylurqphqwv1

Vhfwlrq 816 glvfxvvhv krz hdfk ri wkhvh frqfhuqv pd| eh dgguhvvhg xvlqj suredelolw|0

edvhg ghvljqv1

Frqfhuq 431 Frqfhuq ryhu wkh qxpehu ri |hduv uhtxluhg wr ghwhuplqh vsdwldo ru

whpsrudo wuhqgv lq d edvlq ru vwdwh1 Suredelolw|0edvhg ghvljqv uhtxluh qr pruh |hduv wr

ghwhuplqh vsdwldo ru whpsrudo wuhqgv wkdq mxgjphqw vdpsolqj ghvljqv1 Wkh srzhu wr

ghwhfw vxfk wuhqgv lv d ixqfwlrq ri wkh vdpsoh vl}h/ dqg wkh ghjuhh ri vsdwlr0whpsrudo

fruuhodwlrq lq wkh gdwd1 Li suredelolw|0edvhg ghvljqv vkrz ohvv vsdwlr0whpsrudo fruuhod0
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wlrq/ dv zrxog riwhq eh wkh fdvh/ wkhq wkh| vkrxog eh pruh srzhuixo wkdq d mxgjphqw

vdpsoh ri wkh vdph vl}h1 Lw vkrxog eh nhsw lq plqg wkdw vsdwldo dqg whpsrudo wuhqgv

vkrxog eh lqwhusuhwhg zlwk fdxwlrq1 Hfrorjlfdo v|vwhpv duh lqkhuhqwo| g|qdplf> vr/

lq rughu wr lqyhvwljdwh wkh lpsdfw ri pdqdjhphqw rq hqylurqphqwdo lpsdluphqw/ zh

pxvw glvwlqjxlvk ehwzhhq wuhqgv uhvxowlqj iurp pdqdjhphqw sudfwlfhv dqg qdwxudo

hqylurqphqwdo  xfwxdwlrqv1 Wklv uhtxluhv dq xqghuvwdqglqj ri wkh qdwxudo  xfwxd0

wlrqv wkdw pd| rffxu lq d zdwhuerg| wkdw pljkw rqo| eh rewdlqhg iurp froohfwlqj gdwd

ryhu d qxpehu ri |hduv1

Frqfhuq 441 Frqfhuqv ryhu wkh h{shqvh ri vdpsolqj vx!flhqw vlwhv iru vwdwlvwlfdo

uljru dqg dovr dydlodelolw| ri whfkqlfdo vxssruw iru Vwdwhv1 Jlyhq wkh kljk frvw ri

hqylurqphqwdo prqlwrulqj/ lw lv hvvhqwldo wkdw wkh vdpsolqj ghvljq |lhog wkh vwurqjhvw

srvvleoh vwdwlvwlfdo lqihuhqfh zlwk uhvshfw wr wkh vwdwhv* zdwhu uhvrxufhv1 Uhjdugohvv ri

vdpsoh vl}h/ vwdwlvwlfdoo| mxvwl�deoh lqihuhqfhv fdq eh pdgh uhjduglqj wkh vwdwxv ri wkh

zdwhu uhvrxufhv dv d d zkroh xqghu d suredelolw|0edvhg vdpsolqj ghvljq1 Vlqfh wkh rqo|

vwdwlvwlfdoo| mxvwl�deoh lqihuhqfhv wkdw fdq eh pdgh xqghu d mxgjphqw vdpsolqj ghvljq

duh zlwk uhvshfw wr vwdwxv dqg wuhqgv dw wkh vdpsoh wkhpvhoyhv/ mxgjphqw vdpsolqj

ghvljqv pdnh yhu| lqh!flhqw xvh ri ixqgv doorfdwhg wr hqylurqphqwdo prqlwrulqj1

Wkh HSD vkrxog eh uhvsrqvleoh iru surylglqj whfkqlfdo vxssruw wr wkh vwdwhv iru

lpsohphqwlqj suredelolw|0edvhg vdpsolqj ghvljqv/ dqg dqdo|vhv ri wkh uhvxowlqj gdwd1
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715 Frpelqlqj Gdwd Dfurvv Vwdwhv

Lq dgglwlrq wr wkh elhqqldo zdwhu txdolw| dvvhvvphqw uhsruwv wkdw pxvw vxeplwwhg e|

wkh vwdwhv/ Vhfwlrq 638+e, ri wkh Fohdq Zdwhu Dfw dovr pdqgdwhv wkdw wkh HSD vxeplw

d frpsuhkhqvlyh dvvhvvphqw ri wkh txdolw| ri wkh qdwlrq*v zdwhu uhvrxufhv wr Frqjuhvv

hyhu| wzr |hduv1 Wkh odwwhu uhtxluhv wkh frpelqlqj ri gdwd vxeplwwhg lq wkh vwdwhv*

uhsruwv1 Jlyhq wkdw prvw vwdwhv hpsor| mxgjphqw vdpsolqj ghvljqv/ ydolg vwdwlvwlfdo

lqihuhqfh lv olplwhg wr vwdwhphqwv uhjduglqj zkdw shufhqwdjh ri vdpsoh vwdwlrqv vxs0

sruw wkhlu ghvljqdwhg xvhv +h1j1/ gulqnlqj zdwhu vxsso|/ �vk frqvxpswlrq/ uhfuhdwlrq/

hwf1,/ dqg zkdw shufhqwdjh ri vwdwlrqv vkrz lpsurylqj ru ghjudglqj zdwhu txdolw|1

Vwdwhphqwv uhjduglqj zkdw shufhqwdjh ri zdwhu uhvrxufhv vxssruw wkhlu ghvljqdwhg

xvhv/ ru vkrz lpsurylqj ru ghjudglqj zdwhu txdolw| fdqqrw eh vwdwlvwlfdoo| mxvwl�hg1

Wkh frpelqlqj ri gdwd dfurvv vwdwhv zrxog eh vwudljkwiruzdug li doo vwdwhv zhuh

wr hpsor| suredelolw|0edvhg vdpsolqj ghvljqv dqg surylghg wkdw wkh| xvh wkh vdph

gh�qwlrq iru wkh wdujhw srsxodwlrq/ dqg frqvlvwhqw phdvxuhphqw surwrfrov1 Wkhq wkh

gl�huhqw vwdwhv fdq eh wuhdwhg dv vwudwd/ dqg wkh phdq ohyho ri dq hqylurqphqwdo

lqglfdwru dfurvv wkh 83 vwdwhv fdq eh hvwlpdwhg e|

e> '
�

m�m
Df[
�'�

m��m � e>�c +6,

zkhuh e>� lv wkh hvwlpdwhg phdq ohyho ri wkh hqylurqphqwdo lqglfdwru lq vwdwh �/ m��m

lv wkh txdqwlw| ri wkh zdwhu uhvrxufh +h1j1/ vwuhdp plohv/ wrwdo vxuidfh duhd ri odnhv
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ru hvwxdulhv/ hwf1, lq vwdwh �c dqg m�m lv wkh wrwdo txdqwlwdwlyh ri wkdw uhvrxufh lq wkh

qdwlrq +l1h1/ m�m ' S
Df

�'�
m��m,1 Wkh suhflvlrq ri wklv hvwlpdwh fdq eh hvwlpdwhg wkurxjk

lwv yduldqfh

�@hEe>� ' �

m�m2
Df[
�'�

m��m2 � �@hEe>��� +7,

Lq d vlplodu pdqqhu/ wkh sursruwlrq ri wkh qdwlrq*v zdwhu uhvrxufhv vkrzlqj d jlyhq

frqglwlrq +h1j1/ ghjudghg/ vxssruwlqj ghvljqdwhg xvhv/ vkrzlqj lpsurylqj frqglwlrqv/

hwf1, fdq eh hvwlpdwhg e|

eR ' �

m�m
Df[
�'�

m��m � eR�c +8,

zkhuh eR� lv wkh hvwlpdwhg sursruwlrq ri wkh zdwhu uhvrxufhv ri vwdwh � wkdw vkrz wkdw

frqglwlrq1 Wkh fruuhvsrqglqj yduldqfh hvwlpdwh lv

�@hEeR� ' �

m�m2
Df[
�'�

m��m2 � �@hEeR��� +9,

Wkh deryh hvwlpdwhv gr qrw uhtxluh wkdw wkh vdph vdpsolqj ghvljq eh hpsor|hg

e| doo vwdwhv> wkh| rqo| uhtxluh wkdw hdfk vwdwh hpsor| d suredelolw|0edvhg vdpsolqj

ghvljq1 Hvwlpdwhv ri vwdwh phdqv >�/ sursruwlrqv R�c dqg wkhlu fruuhvsrqglqj yduldqfhv

ghshqg rq wkh sduwlfxodu vdpsolqj ghvljqv hpsor|hg e| hdfk vwdwh1 Krzhyhu/ xqeldvhg

hvwlpdwlrq dfurvv wkh 83 vwdwhv uhtxluhv vrph frqvlvwhqf| dprqj vwdwhv zlwk uhvshfw

wr zkdw gdwd duh froohfwhg dqg krz wkh gdwd duh rewdlqhg1

Gl�huhqfhv dprqj vwdwhv lq gh�qlwlrqv ri wdujhw srsxodwlrqv +h1j1/ zkdw rughuv ri

vwuhdpv ru vl}hv ri odnhv duh vdpsohg, fdq ohdg wr eldvhg hvwlpdwhv ri wkh vwdwxv ri
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wkh qdwlrq*v zdwhu uhvrxufhv1 Iru h{dpsoh/ li vrph vwdwhv gr qrw vdpsoh orzhu rughu

vwuhdp uhdfkhv/ dqg vxfk vwuhdp uhdfkhv whqg wr kdyh ehwwhu +orzhu, zdwhu txdolw|

wkdq kljkhu rughu uhdfkhv/ wkhq wkh ryhudoo sursruwlrq ri vwuhdp plohv phhwlqj d zdwhu

txdolw| vwdqgdug zloo eh xqghuhvwlpdwhg +ryhuhvwlpdwhg,1 Wr dyrlg wklv vrxufh ri eldv/

wkh HSD +zlwk lqsxw iurp wkh vwdwh djhqflhv, vkrxog surylgh wkh vwdwhv d fohdu dqg

frqfuhwh gh�qlwlrq ri wkh wdujhw srsxodwlrq ri zdwhu uhvrxufhv wkdw vkrxog eh vdpsohg1

Ghshqglqj rq wkhlu qhhgv/ lqglylgxdo vwdwhv pd| hohfw wr vdpsoh vlwhv qrw lqfoxghg lq

wklv wdujhw srsxodwlrq/ exw gdwd iurp wkrvh vlwhv vkrxog eh uhsruwhg vhsdudwho|1

Gl�huhqfhv dprqj vwdwhv lq vdpsolqj surwrfrov +h1j1/ dw zkdw ghswk d zdwhu vdpsoh

lv rewdlqhg/ zkhq vdpsohv duh wdnhq/ krz vdpsohv duh kdqgohg dqg vwruhg iroorzlqj

froohfwlrq,/ dqg oderudwru| surfhgxuhv iru dvvd|lqj vdpsohv pd| dovr ohdg wr eldvhg

hvwlpdwhv1 Wklv eldv pd| eh uhgxfhg e| kdylqj vwdwhv dgrsw frqvlvwhqw vdpsolqj sur0

wrfrov/ dqg oderudwru| surfhgxuhv iru dvvd|lqj vdpsohv +LWIP 4<<8,1 Qhyhuwkhohvv/ lw

lv olnho| wkdw wkhuh zloo uhpdlq vrph yduldwlrq dprqj vwdwh �hog fuhzv dqg oderudwrulhv

zlwk uhvshfw wr krz vdpsolqj surwrfrov dqg oderudwru| surfhgxuhv duh dssolhg1 Wr

uhgxfh wkh uhvxowlqj eldvhv/ jurxsv ri vwdwhv vkrxog hqjdjh lq mrlqw vdpsolqj h�ruwv/

lq zklfk �hog fuhzv iurp wkh ydulrxv vwdwhv vdpsoh wkh vdph vlwhv xvlqj wkhlu rzq

vdpsolqj surwrfrov/ dqg wkhlu rzq oderudwrulhv iru dvvd|lqj uhvxowlqj vdpsohv1 Wkh

dqdo|vlv ri yduldqfh prgho

+�� ' >n q� n �� n 0�� +:,
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fdq wkhq eh �w wr wkh uhvxowlqj gdwd +�� dw vlwh � xvlqj wkh �hog fuhz iurp vwdwh

�1 Khuh/ > lv wkh ryhudoo phdq/ q� lv wkh eldv dwwulexwhg wr wkh phwkrgv iru vwdwh

�/ �� lv wkh h�hfw ri vlwh �/ dqg 0�� lv wkh prgho huuru1 Wkh eldv whupv q� duh qrw

lqglylgxdoo| hvwlpdeoh xqohvv ixuwkhu dvvxpswlrqv duh pdgh> iru h{dpsoh zh dvvxph

wkdw
S

Df

�'�
q� ' fc ru/ dowhuqdwlyho|/ wkdw rqh ri wkh lqglylgxdo vwdwhv xvhv xqeldvhg

phwkrgv +l1h1/ q� ' f iru vrph �,1 Wkh sdudphwhuv ri +:, fdq eh hvwlpdwhg xvlqj wkh

jhqhudol}hg olqhdu prgho surfhgxuh +SURF JOP, ri wkh Vwdwlvwlfdo Dqdo|vlv V|vwhp

+VDV Lqvwlwxwh 4<<B,1 Jlyhq hvwlpdwhv ri wkh eldv whupv/ d eldv fruuhfwhg hvwlpdwh ri

wkh ryhudoo phdq fdq wkhq eh rewdlqhg iurp

e> '
�

m�m
Df[
�'�

m��m � Ee>� � eq���

Qrwh wkdw li wkh dqdo|vlv ri yduldqfh vkrzv wkdw wkhuh duh qr vljql�fdqw gl�huhqfhv

dprqj wkh vwdwhv/ wkhq qr eldv fruuhfwlrq lv qhfhvvdu|1

Qrwh wkdw wkh deryh grhv qrw uhtxluh wkdw doo 83 vwdwhv vdpsoh hdfk vlwh1 Lqvwhdg/

lw vx!fhv wkdw wkh gdwd iurp doo ri wkh vwdwhv eh frqqhfwhg +vhqvx Vhduoh 4<:4/ ss1

64<0657,1 Wr ghwhuplqh li doo vwdwhv duh frqqhfwhg/ fuhdwh d wdeoh vkrzlqj zklfk vwdwh

fuhzv vdpsohg zklfk vlwhv1 Iru h{dpsoh/ vhh Iljxuh < lq zklfk vl{ vlwhv duh vdpsohg

e| vl{ vwdwhv> khuh vwdwh *E* vdpsohg vlwhv 5 dqg 8/ dqg vlwh 5 zdv vdpsohg e| erwk

vwdwhv *E* dqg *I*1 Wr �qg wkh frqqhfwhg vxevhwv/ gudz krul}rqwdo dqg yhuwlfdo olqh

vhjphqwv frqqhfwlqj dq| sdlu ri revhuydwlrqv rq wkh vdph urz ru froxpq> revhuydwlrqv

wkdw fdq eh frqqhfwhg e| vxfk olqh vhjphqwv irup d frqqhfwhg vxevhw> lq Iljxuh </
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Iljxuh <= Frqqhfwhg vxevhwv ri vwdwhv1

iru h{dpsoh/ vwdwhv *E* dqg *I* irup rqh frqqhfwhg vxevhw/ vwdwhv *D* dqg *G* irup d

vhfrqg frqqhfwhg vxevhw/ dqg vwdwhv *F* dqg *H* irup d wklug frqqhfwhg vxevhw1 Vlqfh

wkhuh duh pruh wkdq rqh frqqhfwhg vxevhwv/ wkh gdwd duh glvfrqqhfwhg/ dqg khqfh zh

zrxog qrw eh deoh wr hvwlpdwh wkh uhodwlyh eldvhv ri wkh vwdwhv* gdwd1 Wkh vwdwhv zrxog

eh frqqhfwhg li/ iru h{dpsoh/ vwdwh *E* zhuh wr vdpsoh wkh dgglwlrqdo vlwhv 6 dqg 71

Wkh deryh dqdo|vhv dovr dvvxph wkdw wkhuh lv qr lqwhudfwlrq ehwzhhq vwdwhv dqg

vlwhv/ vr wkdw wkh eldv lq d jlyhq vwdwh*v phwkrgv grhv qrw ghshqg rq vlwh1 Wxnh|*v

surfhgxuh +Vqhghfru dqg Frfkudq 4<;3/ ss1 5;605;8, pd| eh xvhg wr whvw iru wklv

lqwhudfwlrq1 Li d vljql�fdqw lqwhudfwlrq lv irxqg/ wkhq wkh dqdo|vlv yduldqfh prgho pd|

eh �w wr orj wudqviruphg gdwd=

*? +�� ' >n q� n �� n 0���
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Wkhq/ wkh ryhudoo phdq fdq eh hvwlpdwhg e|

e> '
�

m�m
Df[
�'�

m��m � e>�e
3eq� �

Uhjdugohvv ri h�ruwv wr lpsuryh frqvlvwhqf| dprqj vwdwh zdwhu uhvrxufh prql0

wrulqj surjudpv/ lw lv olnho| wkdw vwdwhv zloo frqwlqxh wr gl�hu zlwk uhvshfw wr zkdw

yduldeohv duh phdvxuhg1 Pruhryhu/ lw lv qrw qhfhvvdulo| dssursuldwh iru vwdwhv zlwk

zlgho| gl�huhqw w|shv ri zdwhu uhvrxufhv wr phdvxuh wkh vdph yduldeohv1 Wklv lv hvsh0

fldoo| wuxh iru elrwlf phdvxuhphqwv/ vlqfh wkhuh lv frqvlghudeoh jhrjudsklf yduldwlrq

lq wkh frpsrvlwlrq ri dtxdwlf frppxqlwlhv ryhu wkh Xqlwhg Vwdwhv1 Reylrxvo|/ hvwl0

pdwlrq ri wkh ryhudoo phdq ohyho ri dq hqylurqphqwdo yduldeoh dfurvv wkh 83 vwdwhv

uhtxluhv wkdw wkh vdph yduldeoh eh phdvxuhg lq hdfk vwdwh1 Rq wkh rwkhu kdqg/ hvwl0

pdwlrq ri wkh sursruwlrq ri zdwhu uhvrxufhv vkrzlqj d jlyhq frqglwlrq +l1h1/ ghjudghg/

vxssruwlqj d ghvljqdwhg xvh/ vkrzlqj lpsurylqj frqglwlrqv,/ gr qrw uhtxluh wkdw wkh

vdph yduldeohv eh phdvxuhg dfurvv wkh vwdwhv1 Krzhyhu/ wkh txdolw| ri wkh hvwlpdwhv

frxog eh lpsuryhg e| vrph jhqhudo djuhhphqw zlwk uhvshfw wr gh�qlwlrqv ri zkdw lv

phdqw e| d ghjudghg frqglwlrq/ ru zkhq d zdwhuerg| vxssruwv d ghvljqdwhg xvh ru

vkrzv lpsurylqj frqglwlrqv1 Zlwkrxw vxfk dq djuhhphqw/ h{suhvvlrq +8, zrxog rqo|

hvwlpdwh zkdw sursruwlrq ri wkh qdwlrq*v zdwhu uhvrxufhv zhuh ghvljqdwhg dv vkrzlqj

d jlyhq frqglwlrq/ dqg qrw qhfhvvdulo| lq dq| fohduo| gh�qhg zd| zkdw sursruwlrq

dfwxdoo| vkrzv wkdw frqglwlrq1
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8 Ghvljq Dowhuqdwlyhv iru Vhfwlrq 638+e, Zdwhu Uhvrxufh Prqlwrulqj

Vwdwlvwlfdoo| ghihqvleoh phwkrgv iru frpelqlqj gdwd dfurvv wkh 83 vwdwhv uhtxluh wkdw

wkh vwdwhv uhsodfh wkhlu fxuuhqw mxgjhphqw vdpsolqj ghvljqv zlwk suredelolw|0edvhg

vdpsolqj ghvljqv1 Wkh vshfl�f suredelolw|0edvhg ghvljq wr eh lpsohphqwhg e| d

jlyhq vwdwh ghshqgv rq wkh uhvrxufhv dydlodeoh iurp wkdw vwdwh wr vxssruw prqlwrulqj

h�ruwv/ wkh orjlvwlfdo frqvwudlqwv xqghu zklfk prqlwrulqj lv wr eh fduulhg rxw/ dqg

wkh fkdudfwhulvwlfv ri wkdw vwdwh*v zdwhu uhvrxufhv1 Wkhuhiruh/ ghwdlohg ghvfulswlrqv

ri vshfl�f prqlwrulqj ghvljqv duh eh|rqg wkh vfrsh ri wklv uhsruw1 Wkh iroorzlqj

eurdgo| rxwolqhv vrph dowhuqdwlyh suredelolw|0edvhg ghvljqv wkdw pd| eh lpsohphqwhg

iru zdwhu uhvrxufh prqlwrulqj1 Iru hdfk vdpsolqj ghvljq/ phwkrgv iru hvwlpdwlqj wkh

srsxodwlrq phdq/ srsxodwlrq sursruwlrq/ dqg wkh wrwdo pdvv ri dq hqylurqphqwdo

frqwdplqdqw duh frqvlghuhg1

814 Vdpsolqj Odnhv

Wkh uhfrpphqghg dssurdfk wr vdpsolqj odnhv ghshqgv rq wkh prqlwrulqj remhfwlyhv/

wkh glvwulexwlrq ri vl}hv dqg w|shv ri odnhv zlwklq d vwdwh/ dqg wkh lqirupdwlrq dydlodeoh

rq wkh srsxodwlrq ri odnhv wr eh vdpsohg1 Wkh remhfwlyhv pd| fdoo iru vdpsolqj doo ri

wkh odujhu odnhv lq wkh vwdwh/ exw uhvrxufhv duh xqolnho| wr eh dydlodeoh iru vdpsolqj

doo ri wkh vpdoohu odnhv hdfk |hdu1 Iru wkh odwwhu/ zh pd| uhtxluh d udqgrp vdpsoh1
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81414 Vdpsolqj Odujh Odnhv

D vwudwl�hg udqgrp vdpsolqj ghvljq fdq eh xvhg wr vdpsoh wkh odujh odnhv zlwklq

d vwdwh/ zkhuh hdfk odnh lv wuhdwhg dv d vwudwxp1 Xqghu vxfk d ghvljq/ ?� vdpsoh

vlwhv duh udqgrpo| orfdwhg zlwklq hdfk ri 6 odujh odnhv dffruglqj wr d vlpsoh udqgrp

vdpsolqj ghvljq +Iljxuh 5,> � ' �c � � � c6� Vxssrvh wkdw vx!flhqw ixqgv duh dydlodeoh

wr vdpsoh ? vlwhv gxulqj hdfk vdpsoh lqwhuydo1 Wkhq wkh uhfrpphqghg doorfdwlrq ri

vdpsolqj h�ruw fdoov iru vhohfwlqj

?�
�' ?

# m��mS6
�'�

m��m
$

ru ?�
�' ?

# mT�mS6
�'�

mT�m
$

vlwhv iurp odnh �/ zkhuh m��m dqg mT�mc uhvshfwlyho|/ duh wkh vxuidfh duhd dqg yroxph

ri odnh �� Wkxv/ odnhv duh vdpsohg sursruwlrqdo wr wkhlu vl}hv1 Wkh doorfdwlrq vfkhph

lv rswlpdo +plqlpl}hv vdpsolqj yduldqfh, xqghu wkh dvvxpswlrq wkdw wkh zlwklq odnh

yduldqfhv duh krprjhqhrxv +l1h1/ wkh| duh lghqwlfdo dprqj wkh odujh odnhv,1 Li wkh

zlwklq0odnh yduldqfhv duh khwhurjhqhrxv/ wkhq dq rswlpdo doorfdwlrq vfkhph zrxog

fdoo iru lqfuhdvhg doorfdwlrq ri vdpsolqj h�ruw zlwklq odnhv vkrzlqj kljk yduldelolw|/

dqg ghfuhdvhg doorfdwlrq zlwklq odnhv vkrzlqj orz yduldelolw|1 Gl�huhqw hqylurqphq0

wdo yduldeohv duh olnho| wr vkrz gl�huhqw sdwwhuqv ri zlwklq0odnh yduldelolw|/ vr wkdw

dq doorfdwlrq vfkhph lv rswlpdo iru rqh yduldeoh lv qrw olnho| wr eh rswlpdo iru wkh

uhpdlqlqj yduldeohv1 Pruhryhu/ wkh zlwklq0odnh yduldqfhv duh qrw olnho| wr eh nqrzq

d sulrul/ dqg khqfh/ doorfdwlrq sursruwlrqdo wr odnh vl}h lv uhfrpphqghg1
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Xqghu wkh vwudwl�hg udqgrp vdpsolqj ghvljq ghvfulehg deryh/ wkh phdq ohyho ri

dq hqylurqphqwdo yduldeoh dfurvv wkh vxuidfh duhd ri odnh � fdq eh hvwlpdwhg e| wkh

vdpsoh phdq +� ri wkh ?� revhuydwlrqv lq wkdw odnh1 Wkh suhflvlrq ri wklv hvwlpdwh fdq

eh hvwlpdwhg e|

g�@hE+�� ' r2�
?�

zkhuh r2� lv wkh vdpsoh yduldqfh ri wkh ?� revhuydwlrqv lq odnh �1 Wkh ryhudoo phdq

dfurvv wkh vxuidfh ri doo 6 odujh odnhv fdq eh hvwlpdwhg e|

e>vw ' �

m�m
6[
�'�

m��m � +�

zlwk fruuhvsrqglqj yduldqfh hvwlpdwh

g�@hEe>vw� ' �

m�m2
6[
�'�

m��m2 � r
2

�

?�

�

Wkh sursruwlrq ri wkh vxuidfh duhd ri odnh � vkrzlqj d jlyhq frqglwlrq +l1h1/ gh0

judghg/ vxssruwlqj ghvljqdwhg xvhv/ hwf1, fdq eh hvwlpdwhg e| eR�/ wkh sursruwlrq ri

vdpsoh vlwhv vkrzlqj wkdw frqglwlrq1 Wkh fruuhvsrqglqj yduldqfh hvwlpdwh lv jlyhq e|

g�@hEeR�� ' eR�E�� eR��
?�

�

Wkh sursruwlrq ri wkh vxuidfh duhd ri doo 6 odujh odnhv vkrzlqj wkdw frqglwlrq fdq

wkhq eh hvwlpdwhg e|

eRvw ' �

m�m
6[
�'�

m��m � eR�
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zlwk fruuhvsrqglqj yduldqfh hvwlpdwh

g�@hEeRvw� ' �

m�m2
6[
�'�

m��m2 �
eR�E�� eR��

?�

�

Vxssrvh wkdw wkh frqfhqwudwlrq ri dq hqylurqphqwdo frqwdplqdqw lq d jlyhq zdwhu

vdpsoh lv h{suhvvhg lq whupv ri pdvv shu xqlw yroxph1 Wkhq wkh wrwdo pdvv ri wkdw

frqwdplqdqw lq odnh � fdq eh hvwlpdwhg e|

e� � ' Sm��m
?

?�[
�'�

_�� � +��c

zkhuh _�� dqg +�� duh wkh zdwhu ghswk dqg frqfhqwudwlrq dw vlwh � lq odnh �/ dqg

wkh frqvwdqw S lv gh�qhg wr dfklhyh wkh dssursuldwh xqlwv ri phdvxuhphqw1 Wkh

fruuhvsrqglqj yduldqfh hvwlpdwh lv

g�@hEe� �� ' S2m��m2
?E?� ��

;A?A=
?�[
�'�

_2�� � +2�� �
�
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�'�

_�� � +��
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<A@A> �

Wkhq wkh wrwdo pdvv ri wkh frqwdplqdqw dfurvv doo 6 odujh odnhv fdq eh hvwlpdwhg e|

e� vw ' 6[
�'�

e� �
zlwk fruuhvsrqglqj yduldqfh hvwlpdwh

g�@hEe� vw� ' 6[
�'�

g�@hEe� ���
Lqvwhdg ri orfdwlqj vdpsoh vlwhv dffruglqj wr d vlpsoh udqgrp vdpsolqj ghvljq

zlwklq hdfk ri wkh odujh odnhv lq wkh srsxodwlrq/ vdpsoh vlwhv fdq eh orfdwhg dffrug0

lqj wr d udqgrpl}hg0whvvhoodwlrq vwudwl�hg ghvljq +Vwhyhqv 4<<:,1 Xqghu vxfk d ghvljq/
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d julg ri frqwljxrxv sro|jrqv lv udqgrpo| sodfhg ryhu wkh vwxg| uhjlrq/ dv lv vkrzq

iru h{dpsoh lq Iljxuh 43/ zkhuh d kh{djrqdo whvvhoodwlrq lv udqgrpo| orfdwhg ryhu

Odnh Mrfdvvhh1 Wkhq d vlqjoh vlwh lv udqgrpo| orfdwhg zlwklq hdfk ri wkh sro|jrqv1

Rqo| vlwhv idoolqj lq wkh uhjlrq ri lqwhuhvw duh lqfoxghg lq wkh vdpsoh1 Wkh vdpsolqj

yduldqfh xqghu wkh udqgrpl}hg0whvvhoodwlrq vwudwl�hg ghvljq lv vpdoohu wkdq wkdw xq0

ghu wkh vlpsoh udqgrp vdpsolqj ghvljq/ hvshfldoo| li wkh gdwd vkrzv vwurqj vsdwldo

fruuhodwlrq1 Wkh \dwhv0Juxqg| hvwlpdwru iru lwv yduldqfh lv uhdvrqdeo| vwdeoh xqghu

vwurqj vsdwldo fruuhodwlrq1 Li wkhuh lv d odujh phdvxuhphqw huuru/ ru li wkhuh lv odujh pl0

furvfdoh yduldwlrq lq wkh gdwd/ krzhyhu/ wkh \dwhv0Juxqg| hvwlpdwru iru wkh yduldqfh

fdq eh xqvwdeoh> lq vxfk fdvhv/ wkh udqgrpl}hg0whvvhoodwlrq vwudwl�hg ghvljq fdqqrw

eh uhfrpphqghg1

81415 Vdpsolqj Vpdoo Odnhv

Wkh uhfrpphqghg dssurdfk wr vdpsolqj vpdoo odnhv ghshqgv wkh txdolw| ri lqirupd0

wlrq wkdw lv dydlodeoh uhjduglqj zkdw odnhv duh suhvhqw lq d vwdwh1 Lghdoo| d olvwlqj ri doo

vpdoo odnhv lq wkh vwdwh zrxog eh dydlodeoh/ shukdsv iurp XVJV pdsv/ dhuldo skrwrv/

ru vdwhoolwh lpdjhv1 Wkhq d vlpsoh udqgrp vdpsoh ru vwudwl�hg udqgrp vdpsoh frxog

eh vhohfwhg iurp wkh olvw iudph ri odnhv1 Krzhyhu/ wkh frvw ri rewdlqlqj d olvw iudph ri

doo odnhv zlwklq d vwdwh pd| eh surklelwlyh1 Lq wklv fdvh/ d wzr0vwdjh vdpsolqj ghvljq

pd| eh uhtxluhg1
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Iljxuh 43= Udqgrpl}hg0whvvhoodwlrq vwudwl�hg ghvljq iru Odnh Mrfdvvhh1
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Vlpsoh Udqgrp Vdpsoh1 Vxssrvh wkdw d olvw iudph ri doo � odnhv lq d vwdwh lv

dydlodeoh1 Wkhq d vlpsoh udqgrp vdpsoh ? odnhv fdq eh rewdlqhg iurp udqgrpo|

gudzlqj qxpehuv ehwzhhq 4 dqg � xqwlo d vdpsoh ri ? xqltxh odnhv lv gudzq1 Wkhq

rqh vdpsoh vlwh lv orfdwhg zlwklq hdfk ri wkh vdpsohg odnhv1 Wkh ghflvlrq dv wr

zkdw dfwxdo orfdwlrq lv vhohfwhg zlwklq hdfk ri wkh vdpsohg odnhv ghshqgv rq wkh

yduldeoh wkdw lv wr eh phdvxuhg dqg wkh prqlwrulqj remhfwlyhv1 Li lw lv ghvluhg wr pdnh

lqihuhqfhv derxw wkh wrwdo pdvv ri frqwdplqdqwv lq wkh odnhv ri d jlyhq vwdwh/ wkhq vlwhv

vkrxog eh vhohfwhg udqgrpo|1 D udqgrp vdpsoh zrxog dovr eh uhtxluhg wr hvwlpdwh

wkh sursruwlrq ri wkh yroxph ri odnh zdwhuv ru vxuidfh duhd ri odnhv ri d vwdwh wkdw

duh lpsdluhg1 Li/ rq wkh rwkhu kdqg/ lw lv ghvluhg wr pdnh lqihuhqfhv derxw wkh phdq

ohyho ri dq hqylurqphqwdo yduldeoh dffurvv wkh srsxodwlrq ri odnhv/ ru wkh sursruwlrq

ri odnhv vkrzlqj lpsdluhg frqglwlrqv/ udqgrp vhohfwlrq ri vlwhv zlwklq odnhv pd| qrw

eh qhfhvvdu|1 Lq vxfk fdvhv/ zdwhu vdpsohv pd| eh wdnhq iurp wkh ghhshvw sduw ri wkh

odnh/ ru elrwd pd| eh vdpsohg lq wkh pxowlsoh kdelwdwv durxqg wkh odnh lq zklfk wkh|

duh irxqg1

Xqghu d vlpsoh udqgrp vdpsolqj ghvljq/ wkh phdq ohyho ri dq hqylurqphqwdo

yduldeoh dfurvv wkh odnhv lq d vwdwh fdq eh hvwlpdwhg e| wkh vdpsoh phdq +c zlwk

fruuhvsrqglqj yduldqfh hvwlpdwh

g�@hE+� ' �
� � ?
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?
c

zkhuh r2 lv wkh vdpsoh yduldqfh1 Wkh sursruwlrq ri odnhv vkrzlqj d jlyhq frqglwlrq

97



+l1h1/ ghjudghg/ vxssruwlqj ghvljqdwhg xvh/ hwf1, fdq eh hvwlpdwhg e| eR/ wkh sursruwlrq
ri vdpsoh vlwhv vkrzlqj wkdw frqglwlrq1 Wkh fruuhvsrqglqj yduldqfh hvwlpdwh lv

g�@hEeR� ' �
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� eRE�� eR�
?� �

�

Lqvwhdg ri hvwlpdwlqj wkh phdq ohyho ri dq hqylurqphqwdo yduldeoh dfurvv wkh odnhv/

zh pd| zlvk wr hvwlpdwh wkh phdq ohyho ri wkdw yduldeoh dfurvv wkh vxuidfh duhd ri

wkrvh odnhv/ ru ryhu wkh yroxph ri wkh odnhv1 Lq vxfk fdvhv/ vdpsoh vlwhv vkrxog eh

udqgrpo| orfdwhg zlwklq hdfk ri wkh vhohfwhg odnhv1 Wkh udwlr hvwlpdwruv

e>r '
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m��m � +�S?
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m��m c +;,

dqg
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fdq wkhq eh xvhg wr hvwlpdwh wkh phdq ohyho ri wkh yduldeoh dfurvv wkh vxuidfh duhd

dqg yroxph ri odnhv lq wkh srsxodwlrq/ uhvshfwlyho|1 Khuh/ m��m dqg mT�m uhvshfwlyho|

duh wkh duhd dqg yroxph ri odnh �/ dqg +� lv wkh ydoxh ri wkh yduldeoh ri lqwhuhvw lq

odnh �1 Wkxv/ wkh gdwd duh zhljkwhg e| wkh vl}hv ri wkh odnhv wkdw zhuh vdpsohg1 Wkh

yduldqfh hvwlpdwhv duh

g�@hEe>r� '
�E� � ?�

?m�m2 �
S?

�'�
Em��m � +� � e>rm��m�2
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dqg
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zkhuh m�m dqg mT m uhvshfwlyho| duh wkh wrwdo vxuidfh duhd dqg yroxph ri wkh � odnhv

lq wkh srsxodwlrq1 Li m�m dqg mT m duh xqnqrzq/ zh pd| uhsodfh wkhvh txdqwlwlhv lq

wkh h{suhvvlrqv deryh e| wkhlu hvwlpdwhv

m e�m ' �
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m��m dqg m eT m ' �
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mT�m�

Wr hvwlpdwh wkh sursruwlrq ri wkh wrwdo vxuidfh duhd ru yroxph ri odnhv wkdw vkrzv d

jlyhq frqglwlrq/ uhsodfh +� lq wkh h{suhvvlrqv deryh zlwk d elqdu| yduldeoh wkdw wdnhv

wkh ydoxh 4 li vdpsoh vlwh � vkrzv wkdw frqglwlrq/ dqg wkh ydoxh 3 li rwkhuzlvh1

Wkh wrwdo pdvv ri dq hqylurqphqwdo frqwdplqdqw fdq eh hvwlpdwhg e|

e� ' mT m � e>�c +45,

zlwk fruuhvsrqglqj yduldqfh hvwlpdwh

g�@hEe�� ' mT m2g�@hEe>��� +46,

Li wkh wrwdo yroxph lv xqnqrzq/ wrwdo pdvv pd| eh hvwlpdwhg e|
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zkhuh _� lv wkh zdwhu ghswk dw vdpsoh vlwh �1 Wkh fruuhvsrqglqj yduldqfh hvwlpdwh lv

g�@hEh�� ' �E� � ?�

?E?� ��

;?=
?[

�'�

m��m2_2� +2� �
�

?

#
?[

�'�

m��m � _� � +�
$
2
<@> � +48,

Wr vdpsoh odnhv ryhu wlph/ d vhuldoo| dowhuqdwlqj ghvljq zlwk & f|fohv pd| eh

lpsohphqwhg e| udqgrpo| sduwlwlrqlqj wkh vpdoo odnhv lqwr & vhwv ri vl}h ? �' �*&�
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Wklv pd| eh dffrpsolvkhg e| wdnlqj d vlpsoh udqgrp vdpsoh ri vl}h ? iurp wkh �

odnhv lq wkh olvw iudph wr irup wkh �uvw vhw ri odnhv1 Wkh vhfrqg vhw ri odnhv lv rewdlqhg

e| wdnlqj d vlpsoh udqgrp vdpsoh ri vl}h ? iurp wkh uhpdlqlqj � � ? odnhv1 Wklv

surfhvv lv uhshdwhg xqwlo doo odnhv kdyh ehhq dvvljqhg wr vhwv1 Odnhv lq vhw � duh wkhq

vdpsohg dw wlph lqwhuydov �c � n &c � n 2&c � � � c dv vkrzq lq Wdeoh 4 iru d & ' e f|foh

ghvljq1 Revhuydwlrqv iurp hdfk wlph lqwhuydo fdq eh wuhdwhg lv wkrxjk wkh| zhuh

rewdlqhg iurp d vlpsoh udqgrp vdpsoh iurp wkh ruljlqdo srsxodwlrq ri � odnhv/ dqg

vr/ srsxodwlrq sdudphwhuv pd| eh hvwlpdwhg dv ghvfulehg deryh1 Wkh sursruwlrq ri

odnhv vkrzlqj lpsurylqj +ghwhulrudwlqj, frqglwlrqv fdq eh rewdlqhg e| glylglqj wkh

qxpehu ri odnhv vkrzlqj lpsurylqj +ghwhulrudwlqj, frqglwlrqv e| �� Vlqfh wkh hqwluh

srsxodwlrq ri odnhv lv vdpsohg/ wklv hvwlpdwh kdv qr vdpsolqj yduldqfh1

Vwudwl�hg Udqgrp Vdpsoh1 Vxssrvh wkdw lq dgglwlrq wr d vlpsoh olvwlqj ri odnhv/

ixuwkhu lqirupdwlrq lv dydlodeoh derxw hdfk odnh lq wkh olvw iudph1 Iru h{dpsoh/ zh

pd| nqrz zklfk odnhv duh pdq pdgh dqg zklfk odnhv duh qdwxudo/ zh pd| kdyh d

olvw ri roljrwursklf dqg hxwursklf odnhv/ ru d ghvfulswlrq ri wkh jhrorjlfdo irupdwlrq

rq zklfk hdfk odnh olhv1 Li wkh yduldeoh ri lqwhuhvw ghshqgv rq vxfk fkdudfwhulvwlfv/

wkhq d vwudwl�hg udqgrp vdpsolqj ghvljq fdq eh xvhg wr uhgxfh vdpsolqj yduldwlrq/

dqg khqfh lpsuryh wkh suhflvlrq ri srsxodwlrq sdudphwhu hvwlpdwhv1 Vwudwd pd| dovr

fruuhvsrqg wr wkhlu ghvljqdwhg xvhv +l1h1/ gulqnlqj zdwhu/ �vklqj/ hwf1,1 Vwudwl�hg
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udqgrp vdpsolqj ghvljqv fdq dovr jxdudqwhh wkdw uduh w|shv ri odnhv duh lqfoxghg

lq wkh vdpsoh/ dqg wr doorfdwh pruh vdpsolqj h�ruw wr odnhv wkdw duh ghhphg wr eh

hfrorjlfdoo|/ hfrqrplfdoo|/ ru vrflrorjlfdoo| lpsruwdqw1 Srsxodwlrqv ri odnhv zloo whqg

wr frqwdlq d yhu| vpdoo qxpehu ri odujhu odnhv/ dqg d yhu| odujh qxpehu ri vpdoo odnhv/

dqg vr/ d vlpsoh udqgrp vdpsoh pd| qrw slfn xs dq| ri wkh lpsruwdqw odujh odnhv lq

wkh srsxodwlrq1 E| vwudwli|lqj e| odnh vl}h/ zh fdq hqvxuh wkdw dq dghtxdwh vdpsoh

ri odujh odnhv lv vhohfwhg1

Xqghu d vwudwl�hg udqgrp vdpsolqj ghvljq/ wkh olvw iudph ri odnhv lv �uvw sduwl0

wlrqhg lqwr g vwudwd> ohw �� ghqrwh wkh qxpehu ri odnhv lq vwudwxp �1 Wkhq d vlpsoh

udqgrp vdpsoh ri ?� odnhv lv rewdlqhg iurp vwudwxp �/ � ' �c 2c � � � cg� Ilqdoo|/ rqh

vdpsoh vlwh lv udqgrpo| orfdwhg zlwklq hdfk ri wkh vdpsohg odnhv1 Wkh qxpehu ri

odnhv vdpsohg iurp hdfk vwudwxp pd| eh sursruwlrqdo wr wkh wrwdo qxpehu ri odnhv lq

hdfk vwudwxp

?� ' ?

#
��Su
&'�

�&

$
c

sursruwlrqdo wr wkh wrwdo vxuidfh duhd ri odnhv lq hdfk vwudwxp

?� ' ?

# m��mSu
&'�

m�&m

$
c

ru sursruwlrqdo wr wkh wrwdo yroxph ri odnhv lq hdfk vwudwxp

?� ' ?

# mT�mSu
&'�

mT&m

$
�

Xvlqj rqh ri wkhvh vdpsoh doorfdwlrq vfkhphv dv d vwduwlqj srlqw/ vdpsolqj h�ruw fdq
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eh lqfuhdvhg lq vwudwd ghhphg wr eh pruh lpsruwdqw/ dqg uhgxfhg lq vwudwd ghhphg

wr eh ohvv lpsruwdqw1

Vlqfh d vlpsoh udqgrp vdpsoh ri odnhv lv rewdlqhg iurp hdfk ri wkh vwudwd/ wkh

vwudwxp phdqv dqg sursruwlrqv/ wkh wrwdo pdvv ri frqwdplqdqw zlwklq d vwudwxp/ dqg

wkhlu fruuhvsrqglqj yduldqfhv fdq eh hvwlpdwhg xvlqj wkh vdph phwkrgv dv ghvfulehg

deryh iru wkh vlpsoh udqgrp vdpsolqj ghvljq1 Wkh phdq ohyho ri dq hqylurqphqwdo

yduldeoh dfurvv wkh � odnhv lq wkh srsxodwlrq fdq eh hvwlpdwhg e|

+r| '
�

�

g[
�'�

��+�c

zkhuh

+� '
�

?�

?�[
�'�

+��

lv wkh vdpsoh phdq ri wkh revhuydwlrqv +��c � � � c +�?�
iurp vwudwxp �� Wkh fruuhvsrqg0

lqj yduldqfh hvwlpdwh lv

g�@hE+r|� ' �

�2

g[
�'�

��E�� � ?��
r2�
?�

c

zkhuh

r2� '

S?�

�'�
+2�� � ?�+

2

�

?� � �

lv wkh vdpsoh yduldqfh ri wkh revhuydwlrqv iurp vwudwxp �� Vlploduo|/ wkh sursruwlrq

ri odnhv vkrzlqj d jlyhq frqglwlrq fdq eh hvwlpdwhg e|

eRvw ' �

�

g[
�'�

��eR�
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zkhuh eR� lv wkh sursruwlrq ri revhuydwlrqv iurp vwudwxp � vkrzlqj wkdw frqglwlrq1

Wkh fruuhvsrqglqj yduldqfh hvwlpdwh lv

g�@hEeRvw� ' �

�2

g[
�'�

��E�� � ?��
eR�E�� eR��
?� � �

�

Wkh phdq ohyho ri dq hqylurqphqwdo yduldeoh dfurvv wkh vxuidfh duhd ru yroxph ri

wkh odnhv pd| eh hvwlpdwhg e|

e>vwv ' �

m�m
g[
�'�

m��m � e>�rc

dqg

e>vwy ' �

mT m
g[
�'�

mT�m � e>��c

uhvshfwlyho|/ zkhuh m��m dqg mT�m duh wkh wrwdo vxuidfh duhd dqg yroxph ri odnhv lq

vwudwxp �/ dqg m�m dqg mT m duh wkh wrwdo vxuidfh duhd dqg yroxph ri doo odnhv1 Khuh/

e>�r dqg e>�� duh frpsxwhg iurp revhuydwlrqv lq vwudwxp � xvlqj h{suhvvlrqv +;, dqg

+<,/ uhvshfwlyho|1 Wkh fruuhvsrqglqj yduldqfh hvwlpdwruv duh

�@hEe>vwv� ' �

m�m2
g[

�'�

m��m2g�@hEe>�r�c

dqg

�@hEe>vwy� ' �

mT m2
g[

�'�

mT�m2g�@hEe>���c

uhvshfwlyho|/ zkhuh g�@hEe>�r� dqg g�@hEe>��� duh frpsxwhg iurp wkh revhuydwlrqv iurp

vwudwxp � xvlqj h{suhvvlrqv +43, dqg +44,/ uhvshfwlyho|1
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Wkh wrwdo pdvv ri dq hqylurqphqwdo frqwdplqdqw ryhu doo odnhv fdq eh hvwlpdwhg

e| vxpplqj wkh hvwlpdwhg pdvv ri wkdw frqwdplqdqw ryhu wkh vwudwd1 Wkdw lv/ wdnh

e� vw ' g[
�'�

e��c
zkhuh e�� lv frpsxwhg iurp wkh revhuydwlrqv lq vwudwxp � xvlqj hlwkhu h{suhvvlrqv

+45, ru +47,1 Wkh yduldqfh ri e� vw fdq wkhq eh hvwlpdwhg e|

g�@hEe� vw� ' g[
�'�

g�@hEe����
Wr vdpsoh odnhv ryhu wlph/ d vhuldoo| dowhuqdwlqj ghvljq pd| eh lpsohphqwhg lq

hdfk ri wkh vwudwd dv ghvfulehg deryh iru wkh vlpsoh udqgrp vdpsolqj ghvljq1 Li d &

f|foh ghvljq lv lpsohphqwhg lq hdfk vwudwxp/ wkhq dw hdfk wlph wkh vdpsoh doorfdwlrq

lv sursruwlrqdo wr wkh qxpehu ri odnhv lq hdfk vwudwxp1 Qrwh/ krzhyhu/ wkdw wkhuh lv

qr uhtxluhphqw wkdw wkh qxpehu ri f|fohv & eh lghqwlfdo dprqj vwudwd1 E| xvlqj d

vpdoohu qxpehu ri f|fohv/ pruh vdpsolqj h�ruw fdq eh pdgh lq pruh lpsruwdqw vwudwd/

zkloh odujhu qxpehu ri f|fohv fdq eh xvhg lq ohvv lpsruwdqw vwudwd1

Wzr0Vwdjh Vdpsoh1 Wkh lpsohphqwdwlrq ri wkh deryh vdpsolqj ghvljqv uhtxluhv d

olvw iudph ri doo odnhv lq wkh wdujhw srsxodwlrq1 Wkh frvw ri rewdlqlqj vxfk d olvw iudph

fdq eh surklelwlyh1 Wkhvh frvwv fdq eh uhgxfhg e| lpsohphqwlqj d wzr0vwdjh vdpsolqj

ghvljq1 Xqghu d wzr0vwdjh vdpsolqj ghvljq/ wkh vwdwh lv �uvw sduwlwlrqhg lqwr sulpdu|

vdpsoh xqlwv/ zklfk pd| fruuhvsrqg wr frxqwlhv/ zdwhuvkhg xqlwv/ ru d frqwljxrxv
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julg ri kh{djrqdo ru vtxduh txdgudwv1 Wkh �uvw vwdjh ri wkh ghvljq lv frpsulvhg ri wkh

udqgrp vhohfwlrq ri ? sulpdu| vdpsoh xqlwv iurp wkh srsxodwlrq ri � sulpdu| xqlwv1

Wkhq wkh odnhv duh hqxphudwhg zlwklq hdfk ri wkh vhohfwhg sulpdu| vdpsoh xqlwv1 Wkh

vhfrqg vwdjh ri wkh ghvljq lv frpsulvhg ri wkh udqgrp vhohfwlrq ri odnhv zlwklq hdfk

ri wkh vhohfwhg sulpdu| xqlwv1 W|slfdoo|/ doorfdwlrq ri vdpsolqj h�ruw dprqj sulpdu|

xqlwv lv sursruwlrqdo wr wkh qxpehu ri odnhv lq hdfk ri wkh vhohfwhg sulpdu| xqlwv1

Wkxv/ li d wrwdo ri 6 odnhv duh wr eh vdpsohg/ vhohfw

6� ' 6

#
� �S?
�'�

� �

$
c

iurp sulpdu| xqlw �c zkhuh � � lv wkh qxpehu ri odnhv lq wkh �0wk vhohfwhg sulpdu| xqlw1

Qrwh wkdw iru yduldqfh hvwlpdwlrq/ zh uhtxluh6� � 2 +xqohvv d sduwlfxodu sulpdu| xqlw

rqo| frqwdlqv rqh ru wzr odnhv,1

Wr vdpsoh odnhv ryhu wlph/ d vhuldoo| dowhuqdwlqj ghvljq zlwk & f|fohv pd| eh

lpsohphqwhg e| udqgrpo| sduwlwlrqlqj wkh � sulpdu| xqlwv lqwr vhwv ri vl}h ? �' �*&�

Sulpdu| xqlwv lq vhw � duh wkhq vdpsohg dw wlph lqwhuydov �c �n &c �n2&c � � � c dv vkrzq

lq Wdeoh 4 iru d & ' e f|foh ghvljq1 Lq hdfk wlph lqwhuydo/ wkh odnhv duh hqxphudwhg

zlwklq hdfk phpehu ri wkh dssursuldwh vhw ri sulpdu| xqlwv/ iurp hdfk ri zklfk/ d

vlpsoh udqgrp vdpsoh ri odnhv lv gudzq1 Wkxv/ diwhu & wlph lqwhuydov/ doo ri wkh odnhv

zlwklq wkh vwdwh zloo kdyh ehhq hqxphudwhg1

Zlwklq d jlyhq wlph lqwhuydo/ wkh phdq ohyho ri dq hqylurqphqwdo yduldeoh dfurvv
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wkh srsxodwlrq ri odnhv lq wkh vwdwh fdq eh hvwlpdwhg e|

e>UU '
�

?�

?[
�'�

� �+�c +49,

zkhuh � lv wkh wrwdo qxpehu ri odnhv lq wkh vwdwh/ dqg +� lv wkh vdpsoh phdq ydoxh ri

wkh hqylurqphqwdo yduldeoh dprqj wkh vhohfwhg odnhv lq sulpdu| xqlw �1 Wkh yduldqfh

ri e>UU pd| eh hvwlpdwhg e|

g�@hEe>UU� '
�
�

�

�2 �� � ?

�

�
r2�
?

n
�

?� 2

?[
�'�

� �E� � �6��
r2�
6�

c

zkhuh r2� lv wkh vdpsoh yduldqfh ri odnhv vhohfwhg iurp sulpdu| xqlw �/ dqg

r2� '

S?
�'�

� 2

� +
2

� � �

?
E
S?

�'�
� �+��

2

?� �
�

Dowkrxjk wkh wrwdo qxpehu ri odnhv � lq wkh vwdwh zloo eh nqrzq diwhu wkh �uvw & wlph

lqwhuydov ri wkh vhuldoo| dowhuqdwlqj ghvljq ghvfulehg deryh/ wklv txdqwlw| pd| qrw eh

nqrzq ehiruhkdqg/ ru li wklv vhuldoo| dowhuqdwlqj ghvljq lv qrw lpsohphqwhg1 Wkh wrwdo

qxpehu ri odnhv lq wkh vwdwh pd| krzhyhu eh hvwlpdwhg e|

f� '
�

?

?[
�'�

� ��

Vxevwlwxwlqj f� lqwr h{suhvvlrq +49,/ zh rewdlq wkh udwlr hvwlpdwru iru wkh srsxodwlrq

phdq=

e>- '

S?
�'�

� �+�S?
�'�

� �

c

zkrvh yduldqfh pd| eh hvwlpdwhg e|

g�@hEe>-� '
�
�f�

�2 �� � ?

�

� hr2�
?

n
�

?f� 2

?[
�'�

� �E� � �6��
r2�
6�

c
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zkhuh

hr2� '
S?

�'�
� 2

� E+� � e>-�
2

?� �
�

Vlploduo|/ wkh sursruwlrq ri odnhv vkrzlqj d jlyhq frqglwlrq +l1h1/ ghjudghg/ vxs0

sruwlqj ghvljqdwhg xvh/ hwf1, pd| eh hvwlpdwhg e|

eRUU ' �

?�

?[
�'�

� �eR�
li wkh wrwdo qxpehu ri odnhv � lv nqrzq/ ru e| wkh udwlr hvwlpdwru

eR- '

S?
�'�

� �eR�S?
�'�

� �

li wkh wrwdo qxpehu ri odnhv lv xqnqrzq1 Khuh/ eR� lv wkh sursruwlrq ri odnhv vdpsohg

lq vwudwxp � wkdw vdwlvi| wkdw frqglwlrq1 Wkh fruuhvsrqglqj yduldqfhv duh

g�@hEeRUU� ' �
�

�

�2 �� � ?

�

� r2R
?

n
�

?� 2

?[
�'�

� �E� � �6��
eR�E�� eR��
6� � �

c

zkhuh

r2R '

S?
�'�

� 2

�
eR2� � �

?
E
S?

�'�
� �eR��2

?� �
c

dqg

g�@hEeR-� ' �
�f�

�2 �� � ?

�

� hr2R
?

n
�

?f� 2

?[
�'�

� �E� � �6��
eR�E�� eR��
6� � �

zkhuh

hr2R '
S?

�'�
� 2

� EeR� � eR-�2
?� �

�
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Wkh phdq ohyho ri dq hqylurqphqwdo yduldeoh dfurvv wkh vxuidfh duhd ri wkh odnhv

pd| eh hvwlpdwhg e|

e>r '

S?
�'�

� �

6�

S6�

�'�
m���m � +��S?

�'�

� �

6�

S6�

�'�
m���m

c

zkhuh +�� dqg m���m duh wkh revhuydwlrq iurp dqg vxuidfh duhd ri odnh � lq sulpdu| xqlw

�� Wkh yduldqfh ri e>r pd| wkhq eh hvwlpdwhg e|

g�@hEe>r� '
�

m e�m2
;A?A=�E� � ?�

?E?� ��

?[
�'�

� 2

�

������ �6�

6�[
�'�

m���m � +�� �
e>r

6�

6�[
�'�

m���m
������
2

n
�

?

?[
�'�

� �E� � �6��

6�E6� � ��

6�[
�'�

�����
#
m���m � +�� � �

6�

6�[
&'�

m���m � +��
$
� e>r

#
m���m � �

6�

6�[
&'�

m���m
$�����

2
<@>

zkhuh

m e�m ' �

?

?[
�'�

� �

6�

?[
�'�

m���m

lv wkh hvwlpdwhg wrwdo vxuidfh duhd ri wkh odnhv lq wkh srsxodwlrq1 Wkh sursruwlrq ri

wkh vxuidfh duhd vdwlvi|lqj d jlyhq frqglwlrq fdq eh hvwlpdwhg e| uhsodflqj +�� lq wkh

h{suhvvlrqv deryh zlwk d elqdu| yduldeoh wkdw wdnhv wkh ydoxh 4 li wkdw frqglwlrq lv

vdwlv�hg lq odnh � ri sulpdu| xqlw �/ dqg wdnhv wkh ydoxh 3 li rwkhuzlvh1 Wkh phdq

ohyho ri wkh hqylurqphqwdo yduldeoh dfurvv wkh yroxph ri wkh odnhv pd| eh hvwlpdwhg

e| uhsodflqj wkh odnh duhdv m���m e| wkh fruuhvsrqglqj yroxphv mT��m�

Wkh wrwdo pdvv ri dq hqylurqphqwdo frqwdplqdqw pd| eh hvwlpdwhg e|

e� '
�

?

?[
�'�

� �

6�

6�[
�'�

m���m � _�� � +��

zkhuh _�� lv wkh zdwhu ghswk dw wkh vdpsoh vlwh lq odnh � lq sulpdu| xqlw �1 Wkh
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fruuhvsrqglqj yduldqfh hvwlpdwh lv

g�@hEe�� '
�E� � ?�

?E?� ��

?[
�'�

3C� �

6�

6�[
�'�

m���m � _�� � +�� � �

?

?[
&'�

� &

6&

6�[
�'�

m�&�m � _&� � +&�
4D2

n
�

?

?[
�'�

� �E� � �6��

6�E6� � ��

6�[
�'�

#
m���m � _�� � +�� � �

6�

6�[
&'�

m��&m � _�& � +�&
$
2

�

815 Vdpsolqj Ulyhuv dqg Vwuhdpv

Ulyhuv dqg vwuhdpv duh xqltxh dprqj qdwxudo uhvrxufhv lq wkdw/ h{fhsw iru uhjlrqv

xqghu wlgdo lq xhqfh/ wkh zdwhuv  rzlqj sdvw d jlyhq srlqw ruljlqdwh iurp xsvwuhdp

ri wkdw srlqw1 Wkxv/ revhuydwlrqv ri wkh zdwhu txdolw| dw wkh h"xhqw hqg ri d zdwhu0

vkhg duh lq vrph vhqvh uhsuhvhqwdwlyh ri wkh zdwhuv  rzlqj wkurxjk wkdw zdwhuvkhg1

Wklv revhuydwlrq kdv ohg pdq| zdwhu txdolw| prqlwrulqj surjudpv wr wdujhw vdpsolqj

dw wkh h"xhqw hqgv ri zdwhuvkhgv1 Iru h{dpsoh/ Vrxwk Fdurolqd*v Zdwhuvkhg Zdwhu

Txdolw| Pdqdjhphqw +ZZTP, surjudp wdujhwv vlwhv dw wkh grzqvwuhdp dffhvv ri

hyhu| Qdwlrqdo Uhvrxufh Frqvhuydwlrq Vhuylfh +QUFV, zdwhuvkhg xqlwv1 Qrwh wkdw

qrw doo QUFV zdwhuvkhgv xqlwv duh zdwhuvkhgv xqwr wkhpvhoyhv/ exw duh vxezdwhu0

vkhgv1 D vxezdwhuvkhg lv d vxevhw ri d zdwhuvkhg rewdlqhg e| vxewudfwlqj rxw wkrvh

uhjlrqv fryhuhg e| rwkhu zdwhuvkhg xqlwv lq wkh froohfwlrq1 D pdvv edodqfh prgho fdq

eh frqvwuxfwhg iurp ZZTP vdpsoh vwdwlrqv surylghg vx!flhqw lqirupdwlrq lv dydlo0

deoh1 Wkh wrwdo pdvv ri d frqwdplqdqw sdvvlqj e| d vdpsoh vwdwlrq fdq eh frpsxwhg

e| wkh surgxfw ri wkh frqfhqwudwlrq ri wkdw frqwdplqdqw lq d zdwhu vdpsoh wlphv wkh

yroxph ri zdwhu  rzlqj sdvw wkdw vwdwlrq shu xqlw wlph1 Wkhq wkh frqwulexwlrq ri wkh
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zdwhuvkhg xqlw wr wkdw pdvv fdq eh rewdlqhg e| vxewudfwlqj wkh pdvv ri frqwdplqdqwv

lqsxw lqwr wkdw zdwhuvkhg xqlw e| xsvwuhdp zdwhuvkhg xqlwv iurp wkh pdvv ri frq0

wdplqdqwv h"xhqw iurp wkh zdwhuvkhg xqlw1 Krzhyhu/ vxfk frpsxwdwlrqv uhtxluh wkh

dvvxpswlrq wkdw qr frqwdplqdqwv duh orvw gxh wr dgvruswlrq rqwr erwwrp vxevwudwhv/

xswdnh lq rujdqlvpv/ ru hydsrudwlrq1

Xqohvv d pdvv edodqfh prgho ru rwkhu phfkdqlvwlf prgholqj h�ruw lv sodqqhg/

wkhuh lv yhu| olwwoh uhdvrq wr wdujhw vdpsolqj dw frq xhqfhv ri zdwhuzd|v1 Pruhryhu/

vlqfh uhsuhvhqwdwlyhqhvv ri vxfk vdpsoh vlwh lv qrw nqrzq/ vxfk wdujhwhg h�ruwv duh

qrw dssursuldwh iru vdpsolqj wkh erwwrp vxevwudwh/ ru elrwlf frppxqlwlhv1 Rqo| d

suredelolw| vdpsolqj ghvljq fdq eh xvhg wr rewdlq xqeldvhg hvwlpdwhv ri wkh phdq

ohyho ri dq hqylurqphqwdo frqwdplqdqw dfurvv wkh ohqjwk ri ulyhuv dqg vwuhdpv/ wkh

sursruwlrq ri vwuhdp dqg ulyhu plohv wkdw vxssruw ghvljqdwhg xvhv/ ru wkh wrwdo pdvv

ri dq hqylurqphqwdo frqwdplqdqw lq wkh vwuhdpv dqg ulyhuv ri d vwdwh1

Wkh iroorzlqj frqvlghuv wkuhh eurdg ghvljq dowhuqdwlyhv iru vdpsolqj ulyhuv dqg

vwuhdpv zlwklq d vwdwh1 Wkh fkrlfh ri ghvljq ghshqgv rq zkdw lqirupdwlrq lv dydlodeoh

rq wkh srsxodwlrq ri vwuhdpv dqg ulyhuv/ dqg wkh uhvrxufhv dydlodeoh iru sodqqlqj

vdpsolqj h�ruwv1

Vlpsoh Udqgrp Vdpsolqj1 D vlpsoh udqgrp vdpsolqj ghvljq uhtxluhv d gljlwl}hg

pds ri doo ulyhuv +dqg vwuhdpv, zlwklq wkh vwdwh1 Vxfk d ghvljq fdq eh frqvwuxfwhg e|

::



�uvw sduwlwlrqlqj wkh ulyhuv lqwr ulyhu vhjphqwv/ gh�qhg wr eh dq| ohqjwk ri ulyhu frq0

wdlqlqj qr eudqfkhv1 Wkh ulyhu vhjphqwv duh wkhq odlg rxw hqg wr hqg lq dq| duelwudu|

rughu1 Ilqdoo|/ ? vdpsoh srlqwv duh rewdlqhg e| udqgrp vhohfwlrq ri orfdwlrqv ehwzhhq

3 dqg uc wkh wrwdo ohqjwk ri wkh ulyhu vhjphqwv1 Vlqfh wkhuh whqg wr eh pruh plohv

ri �uvw0rughu vwuhdpv/ wkdq kljkhu0rughu vwuhdpv/ d vlpsoh udqgrp vdpsoh zloo whqg

wr eh grplqdwhg e| �uvw0rughu vwuhdp vlwhv1 Wkhuhiruh/ lw lv jhqhudoo| uhfrpphqghg

wkdw vwuhdpv eh vwudwl�hg e| vwuhdp rughu +vhh ehorz,1

Sdudphwhu hvwlpdwlrq xqghu wkh vlpsoh udqgrp vdpsolqj ghvljq lv vwudljkwiruzdug=

Wkh phdq ohyho ri dq hqylurqphqwdo yduldeoh dfurvv wkh ohqjwk ri wkh ulyhu v|vwhp fdq

eh xqeldvhgo| hvwlpdwhg e| wkh vdpsoh phdq +c zlwk fruuhvsrqglqj yduldqfh hvwlpdwh

g�@hE+� ' r2

?
c

zkhuh r2 lv wkh vdpsoh yduldqfh1 Wkh sursruwlrq ri ulyhu plohv vkrzlqj d jlyhq

frqglwlrq +l1h1/ ghjudghg/ vxssruwlqj ghvljqdwhg xvhv/ hwf1, fdq eh hvwlpdwhg e| eR/
wkh sursruwlrq ri vdpsoh vlwhv vkrzlqj wkdw frqglwlrq1 Wkh fruuhvsrqglqj yduldqfh

hvwlpdwh lv

g�@hEeR� ' eRE�� eR�
?� �

�

Ilqdoo|/ wkh wrwdo pdvv ri dq hqylurqphqwdo frqwdplqdqw lq wkh ulyhuv ri wkh vwdwh fdq

eh hvwlpdwhg e|

e� '
u

?

?[
�'�

m��m � +�c +4:,
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zkhuh +� lv wkh frqfhqwudwlrq ri wkh frqwdplqdqw lq d zdwhu vdpsoh froohfwhg dw vlwh

�/ dqg m��m lv wkh furvv0vhfwlrqdo duhd ri wkh ulyhu dw wkdw vlwh1 Wkh yduldqfh ri e� pd|

wkhq eh hvwlpdwhg e|

g�@hEe�� ' u2

?

S?
�'�

m��m2+2� � �

?
E
S?

�'�
m��m � +��2

?� �
� +4;,

Vwudwl�hg Udqgrp Vdpsoh1 D vwudwl�hg udqgrp vdpsolqj ghvljq pd| eh lp0

sohphqwhg wr lpsuryh wkh suhflvlrq ri sdudphwhu hvwlpdwhv/ wr idflolwdwh frpsdulvrqv

dprqj vwudwd/ dqg hqvxuh dghtxdwh vdpsolqj h�ruw lq uduh vwudwd1 Khuh/ vwudwd pd|

fruuhvsrqg wr vwuhdp rughuv/ ru ghvljqdwhg xvhv +l1h1/ vzlpplqj/ gulqnlqj zdwhu/ �vk0

lqj/ hwf1,1 Xqghu d vwudwl�hg udqgrp vdpsolqj ghvljq/ wkh olvw ri ulyhu vhjphqwv lv �uvw

sduwlwlrqhg lqwr g vwudwd1 Wkhq d vlpsoh udqgrp vdpsoh ri ?� vlwhv lv vhohfwhg iurp

hdfk vwudwxp �( � ' �c 2c � � � cgc dv ghvfulehg deryh1 Wkh qxpehu ri vlwhv vdpsohg

iurp hdfk vwudwxp pd| eh sursruwlrqdo wr wkh wrwdo ohqjwk u� ri ulyhu vhjphqwv lq

hdfk vwudwxp=

?� ' ?

#
u�Sg
&'�

u&

$
�

Xvlqj wklv vdpsoh doorfdwlrq vfkhph dv d vwduwlqj srlqw/ dgglwlrqdo vdpsolqj h�ruw

fdq eh ghvljqdwhg lq vwudwd ghhphg wr eh pruh lpsruwdqw/ zkloh uhgxfhg vdpsolqj

h�ruw fdq eh ghvljqdwhg lq vwudwd ghhphg wr eh ohvv lpsruwdqw1

Vlqfh d vlpsoh udqgrp vdpsoh ghvljq lv rewdlqhg iurp hdfk vwudwxp/ wkh vwudwxp

phdqv dqg sursruwlrqv/ wkh wrwdo pdvv ri d frqwdplqdqw zlwklq hdfk vwudwxp/ dqg
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wkhlu fruuhvsrqglqj yduldqfhv fdq eh rewdlqhg xvlqj wkh vdph phwkrgv dv ghvfulehg

deryh iru vlpsoh udqgrp vdpsolqj1 Wkhq phdq ohyho ri dq hqylurqphqwdo frqwdplqdqw

dfurvv wkh ohqjwkv ri doo ulyhuv lq wkh srsxodwlrq fdq eh hvwlpdwhg e|

+vw '
�

u

g[
�'�

u� � +�c

zkhuh

+� '
�

?�

?�[
�'�

+��

lv wkh vdpsoh phdq ri wkh revhuydwlrqv +��c � � � c +�?�
iurp vwudwxp �c dqg u lv wkh

wrwdo ulyhu plohv lq wkh srsxodwlrq ri ulyhuv1 Wkh fruuhvsrqglqj yduldqfh hvwlpdwh lv

g�@hE+vw� ' �

u2

g[
�'�

u2

�

r2�
?�

c

zkhuh

r2� '

S?�

�'�
+2�� � ?�+

2

�

?� � �

lv wkh vdpsoh yduldqfh ri wkh revhuydwlrqv iurp vwudwxp �1

Vlploduo|/ wkh sursruwlrq ri ulyhuv plohv vkrzlqj d jlyhq frqglwlrq fdq eh hvwlpdwhg

e|

eRvw ' �

u

g[
�'�

u� � eR�c
zkhuh eR� lv wkh sursruwlrq ri vdpsoh vwdwlrqv iurp vwudwxp � vkrzlqj wkdw frqglwlrq1

Wkh fruuhvsrqglqj yduldqfh hvwlpdwh lv

g�@hEeRvw� ' �

u2

g[
�'�

u2

�

eR�E�� eR��
?� � �

�
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Wkh wrwdo pdvv ri dq hqylurqphqwdo frqwdplqdqw dfurvv wkh ohqjwkv ri doo ulyhuv lq

wkh srsxodwlrq fdq eh hvwlpdwhg e| vxpplqj wkh hvwlpdwhg pdvv ri wkdw frqwdplqdqw

ryhu wkh vwudwd1 Wkdw lv/ wdnh

e� vw ' g[
�'�

e��c
zkhuh e�� lv frpsxwhg iurp revhuydwlrqv lq vwudwxp � xvlqj h{suhvvlrq +4:,1 Wkh

yduldqfh ri e�� fdq wkhq eh hvwlpdwhg iurp

g�@hEe� vw� ' g[
�'�

g�@hEe����
Wzr Vwdjh Vdpsoh1 Wkh lpsohphqwdwlrq ri wkh deryh vdpsolqj ghvljqv uhtxluhv d

gljlwl}hg pds ri doo ulyhuv dqg vwuhdpv lq wkh wdujhw srsxodwlrq1 Wkh frvw ri rewdlqlqj

vxfk d pds fdq eh surklelwlyh1 Wkhvh frvwv pd| eh uhgxfhg e| lpsohphqwlqj d

wzr0vwdjh vdpsolqj ghvljq1 Xqghu wklv ghvljq/ wkh vwdwh lv �uvw sduwlwlrqhg lqwr �

sulpdu| vdpsoh xqlwv/ zklfk pd| fruuhvsrqg wr frxqwlhv/ QUFV zdwhuvkhg xqlwv/

ru d frqwljxrxv jlug ri kh{djrqdo ru vtxduh txdgudwv1 Wkh �uvw vwdjh ri wkh ghvljq

lv frpsulvhg ri wkh vlpsoh udqgrp vhohfwlrq ri ? sulpdu| vdpsoh xqlwv iurp wkh

srsxodwlrq ri � sulpdu| xqlwv1 Wkhq wkh ulyhuv dqg vwuhdpv duh gljlwl}hg zlwklq

hdfk ri wkh vhohfwhg sulpdu| xqlwv> wkhuh lv qr qhhg wr gljlwl}h zdwhuzd|v zlwklq wkh

uhpdlqlqj sulpdu| xqlwv1 Wkh vhfrqg vwdjh ri wkh ghvljq lv frpsulvhg ri wdnlqj d

vlpsoh udqgrp vdpsoh ri vlwhv dorqj wkh ohqjwkv ri wkh zdwhuzd|v zlwklq hdfk ri wkh

vhohfwhg sulpdu| xqlwv1 W|slfdoo|/ doorfdwlrq dprqj wkh sulpdu| xqlwv lv sursruwlrqdo
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wr wkh qxpehu ri ulyhu plohv lq hdfk ri wkh vhohfwhg sulpdu| xqlwv1 Wkxv/ li d wrwdo ri

6 vlwhv duh wr eh vdpsohg/ vhohfw

6� ' 6

#
u�S?
�'�

u�

$
c

iurp sulpdu| xqlw �c zkhuh u� lv wkh wrwdo ulyhu plohv lq sulpdu| xqlw �� Qrwh wkdw iru

yduldqfh hvwlpdwlrq/ zh uhtxluh wkdw 6� � 2�

Wkh phdq ohyho ri dq hqylurqphqwdo yduldeoh dorqj wkh ohqjwkv ri wkh ulyhuv dqg

vwuhdpv lq wkh srsxodwlrq pd| eh hvwlpdwhg e| wkh udwlr hvwlpdwru

e>- '

S?
�'�

u� � +�S?
�'�

u�

c

zkhuh +� lv wkh vdpsoh phdq ri wkh yduldeoh dprqj wkh revhuydwlrqv iurp sulpdu|

xqlw �� Wkh fruuhvsrqglqj yduldqfh hvwlpdwh lv

g�@hEe>-� '
�
�eu

�2 hr2�
?

n
�

?eu2

?[
�'�

u2

�

r2�
6�

c

zkhuh

hr2� '
S?

�'�
u2

� E+� � e>-�
2

?� �
c

r2� lv wkh vdpsoh yduldqfh ri revhuydwlrqv iurp sulpdu| xqlw �c dqg

eu '
�

?

?[
�'�

u�

lv wkh hvwlpdwhg wrwdo ohqjwk ri zdwhuzd|v lq wkh wdujhw srsxodwlrq1
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Vlploduo|/ wkh sursruwlrq ri ulyhu plohv vkrzlqj d jlyhq frqglwlrq fdq eh hvwlpdwhg

e|

eR- '

S?
�'�

u� � eR�S?
�'�

u�

c

zkhuh eR� lv wkh sursruwlrq ri vlwhv iurp vwudwxp � vkrzlqj wkdw frqglwlrq1 Wkh fruuh0

vsrqglqj yduldqfh hvwlpdwh lv

g�@hEeR-� ' �
�eu

�2 hr2R
?

n
�

?eu2

?[
�'�

u2

�

eR�E�� eR��
6� � �

c

zkhuh

hr2R '
S?

�'�
u2

� EeR� � eR-�2
?� �

�

Wkh wrwdo pdvv ri dq hqylurqphqwdo frqwdplqdqw dfurvv wkh yroxph ri wkh srsx0

odwlrq ri zdwhuzd|v fdq eh hvwlpdwhg e|

e� LL ' �

?

?[
�'�

u�

6�

6�[
�'�

m���m � +��c

zkhuh +�� dqg m���m duh wkh frqwdplqdqw frqfhqwudwlrq dqg wkh furvv0vhfwlrqdo duhd ri

wkh zdwhuzd| dw vdpsoh vlwh � lq sulpdu| xqlw �� Wkh fruuhvsrqglqj yduldqfh hvwlpdwh

lv

g�@hEe� LL� '
�2

?E?� ��

?[
�'�

3Cu�

6�

6�[
�'�

m���m � +�� � �

?

?[
&'�

u&

6&

6�[
�'�

m�&�m � +&�
4D2

n
�

?

?[
�'�

u2

�

6�E6� � ��

6�[
�'�

#
m���m � +�� � �

6�

6�[
&'�

m��&m � +�&
$
2

�
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816 Vdpsolqj dw Dffhvv Srlqwv

Wkh vdylqjv lqfxuuhg e| vdpsolqj dw dffhvv srlqwv doorzv odujhu vdpsoh vl}hv xqghu

wljkw exgjhwdu| frqvwudlqwv/ dqg khqfh srwhqwldoo| pruh suhflvh sdudphwhu hvwlpdwhv

dqg juhdwhu vwdwlvwlfdo srzhu iru ghwhfwlqj vsdwldo dqg whpsrudo wuhqgv1 Wkh froohfwlrq

ri dffhvv srlqwv fdq eh wuhdwhg dv wkh vdpsoh srsxodwlrq iurp zklfk d suredelolw|

vdpsoh fdq eh rewdlqhg1 Krzhyhu/ wr vwdwlvwlfdoo| mxvwli| lqihuhqfh wr wkh zdwhu uh0

vrxufh dv d zkroh/ zh uhtxluh hylghqfh wkdw wkh dffhvv srlqwv duh uhsuhvhqwdwlyh ri

wkdw zdwhu uhvrxufh/ ru dowhuqdwlyho|/ zh uhtxluh dq hvwlpdwh ri wkh eldv lqwurgxfhg

e| vdpsolqj dw wkh dffhvv srlqwv1

Wkhuh duh d qxpehu ri uhdvrqv zk| wkh uhsuhvhqwdwlyhqhvv ri dffhvv srlqwv pd|

eh txhvwlrqhg= Iluvw/ wkh ghqvlw| ri eulgjhv zloo whqg wr eh kljkhu lq uhjlrqv ri kljk

kxpdq srsxodwlrq ghqvlw|/ dqg orzhu zkhuh kxpdq srsxodwlrqv duh vsduvh1 Wkxv/

e| wdnlqj d vlpsoh udqgrp vdpsoh ri eulgjhv/ wkh ohyho ri hqylurqphqwdo lpsdluphqw

pd| eh ryhu hvwlpdwhg1 Wklv vrxufh ri eldv pd| eh uhgxfhg e| zhljkwlqj wkh gdwd

sursruwlrqdo wr wkh ohqjwk ri wkh ulyhu vhjphqw frpsulvhg ri doo srlqwv forvhu wr wkh

vhohfwhg eulgjh wkdq dq| rwkhu eulgjh +Iljxuh 44d,1 Wkxv/ wkh srsxodwlrq phdq ohyho

ri dq hqylurqphqwdo yduldeoh lv hvwlpdwhg e|

e>� '
�

?

?[
�'�

��+� +4<,

zkhuh +� lv wkh gdwd froohfwhg dw wkh eulgjh �/ wkh zhljkw �� ' ��*uc �� lv wkh ohqjwk
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ri wkh ulyhu vhjphqw frpsulvhg ri doo srlqwv forvhu wr eulgjh � wkdq dq| rwkhu eulgjh/

dqg u lv wkh wrwdo ulyhu plohv ri wkh wdujhw srsxodwlrq1 Wkh suhflvlrq ri e>� fdq eh

hvwlpdwhg e| lwv vdpsolqj yduldqfh=

g�@hEe>�� '
�
� � ?

�

�
r2�
?

+53,

zkhuh � lv wkh wrwdo qxpehu ri eulgjhv lq wkh srsxodwlrq ri eulgjhv/ ? lv wkh qxpehu

ri eulgjhv vdpsohg/ dqg

r2� '

S?
�'�

�2

� +
2

� � ?e>2

�

?� �
�

Wkh hvwlpdwhg phdq +4<, dvvxphv wkdw wkh eulgjh lv uhsuhvhqwdwlyh ri wkh ulyhu vhj0

phqw frqwdlqlqj wkdw eulgjh/ dqg wkh fruuhvsrqglqj yduldqfh +53, pdnhv wkh ixuwkhu

dvvxpswlrq wkdw wkh yduldeoh lv frqvwdqw ryhu wkh ohqjwk ri wkdw ulyhu vhjphqw +Iljxuh

44e,1 Vr wkh vdpsolqj yduldqfh lv olnho| wr eh xqghuhvwlpdwhg1

Li wkh ohqjwkv ri wkh ulyhu vhjphqwv ydu| frqvlghudeo|/ wkhq wkh vdpsolqj yduldqfh

ri e>� fdq eh txlwh odujh1 Wklv vdpsolqj yduldqfh fdq eh uhgxfhg e| xvlqj dq xqhtxdo

suredelolw| vdpsoh ri eulgjhv= Udqgrpo| orfdwh srlqwv dorqj wkh ohqjwkv ri wkh ulyhuv

dqg vwuhdpv/ dqg wkhq vhohfw wkh eulgjh wkdw olhv forvhvw wr hdfk ri wkh vhohfwhg srlqwv1

Eulgjhv duh vdpsohg zlwk uhsodfhphqw> wkdw lv/ li d jlyhq eulgjh lv vhohfwhg pruh

wkdq rqfh/ gdwd froohfwhg e| wkdw eulgjh vkrxog eh frxqwhg dv pdq| wlphv dv wkdw

eulgjh lv vhohfwhg1 Djdlq/ zh vkdoo dvvxph wkdw hdfk eulgjh lv uhsuhvhqwdwlyh ri doo

srlqwv dorqj wkh ohqjwk ri wkh ulyhu forvhu wr wkdw eulgjh wkdq dq| rwkhu eulgjh1 Wkhq

wkh srsxodwlrq phdq fdq eh hvwlpdwhg e| wkh vdpsoh phdq +/ zlwk fruuhvsrqglqj
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Iljxuh 44= Vdpsolqj Eulgjhv1 +d, Wkh orfdwlrqv ri qlqh eulgjhv dorqj wkh ohqjwk ri

d ulyhu1 Wkh ulyhu lv sduwlwlrqhg lqwr vhjphqwv V4 wr V< dv vkrzq1 D eulgjh zloo eh

vdpsohg li d udqgrp srlqw idoov lq wkdw eulgjh*v vhjphqw1 +e, Dvvxphg uhodwlrqvkls

ehwzhhq wkh yduldeoh ri lqwhuhvw dqg orfdwlrq dorqj wkh ohqjwk ri wkh ulyhu1

yduldqfh hvwlpdwh g�@hE+� ' r2*?c zkhuh r2 lv wkh vdpsoh yduldqfh1 Wklv hvwlpdwh ri

wkh srsxodwlrq phdq dvvxphv wkdw wkh eulgjh lv uhsuhvhqwdwlyh ri wkh ulyhu vhjphqw

frqwdlqlqj wkdw eulgjh/ dqg wkh fruuhvsrqglqj yduldqfh hvwlpdwh grhv qrw wdnh lqwr

dffrxqw yduldwlrq dorqj wkh ohqjwk ri wkdw ulyhu vhjphqw1

Wkh ohyho ri hqylurqphqwdo lpsdluphqw pd| ydu| zlwk wkh vxlwdelolw| ri orfdwlrqv
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iru eulgjh frqvwuxfwlrq/ dovr uhvxowlqj lq eldvhg hvwlpdwhv ri wkh phdq ohyho ri dq hqyl0

urqphqwdo yduldeoh1 Wklv vrxufh ri eldv pd| eh uhgxfhg e| xvlqj d vwudwl�hg udqgrp

vdpsolqj ghvljq= Wkh ulyhu vhjphqwv dvvrfldwhg zlwk wkh eulgjhv duh sduwlwlrqhg lqwr

6 vwudwd gh�qhg e| wkhlu vxlwdelolw| iru eulgjh frqvwuxfwlrq1 Wkxv hdfk vwudwxp zloo

frqvlvw ri ulyhu vhjphqwv wkdw duh urxjko| htxdoo| vxlwdeoh iru eulgjh frqvwuxfwlrq1

Ulyhu vhjphqwv zlwklq hdfk vwudwxp duh wkhq odlg rxw hqg wr hqg/ dqg ?� srlqwv duh

udqgrpo| vhohfwhg dorqj wkh wrwdo ohqjwk ri vwudwxp �( � ' �c � � �6� Ilqdoo|/ vhohfw

wkh eulgjh forvhvw wr hdfk ri wkh vhohfwhg srlqwv1 Wkhq wkh srsxodwlrq phdq fdq eh

hvwlpdwhg e|

e>vw ' �

u

6[
�'�

u�+�c

zkhuh +� lv wkh vdpsoh phdq ri vhohfwhg eulgjhv lq vwudwxp �c u� lv wkh wrwdo ohqjwk

ri ulyhu vhjphqwv lq vwudwxp �/ dqg u lv wkh wrwdo ulyhu plohv ri wkh v|vwhp1 Wkh

fruuhvsrqglqj yduldqfh hvwlpdwh lv

g�@hEe>vw� ' �

u2

6[
�'�

u2

� r
2

�

?�

c

zkhuh r2� lv wkh vdpsoh yduldqfh ri vhohfwhg eulgjhv lq vwudwxp �� Djdlq/ wkh hvwlpdwru

e>vw dvvxphv wkdw wkh eulgjh vlwh lv uhsuhvhqwdwlyh ri wkh ulyhu vhjphqw frqwdlqlqj

wkdw eulgjh/ dqg wkh fruuhvsrqglqj yduldqfh hvwlpdwru grhv qrw dffrxqw iru yduldwlrq

zlwklq ulyhu vhjphqwv1

Vrph sruwlrq ri wkh ohqjwkv ri ulyhuv pd| eh frpsohwho| xqvxlwdeoh iru eulgjh

frqvwuxfwlrq1 Wklv sruwlrq fdqqrw eh vdpsohg dw dffhvv srlqwv/ dqg vr/ vkrxog eh

;:



wuhdwhg dv d vhsdudwh vwudwxp wr eh vdpsohg xvlqj rqh ri wkh phwkrgv ghvfulehg lq

Vhfwlrq 8151

Wkh eulgjhv wkhpvhoyhv pd| kdyh dgyhuvh h�hfwv wkhlu orfdo hqylurqphqw/ uhvxowlqj

lq ryhuhvwlpdwhv ri hqylurqphqwdo lpsdluphqw1 Wklv vrxufh ri eldv pljkw eh uhgxfhg

e| vdpsolqj vrph udqgrp glvwdqfh xsvwuhdp iurp hdfk eulgjh/ lqvwhdg ri lpphgldwho|

ehorz ru dgmdfhqw wr wkhp1

Uhjdugohvv ri zkdw ghvljq lv xvhg wr vhohfw wkh dffhvv srlqwv wr eh vdpsohg/ hyl0

ghqfh lv uhtxluhg wr ghprqvwudwh wkdw wkh uhvxowlqj vdpsoh |lhogv xqeldvhg hvwlpdwhv

ri hqylurqphqwdo sdudphwhuv1 Wklv uhtxluhv gdwd froohfwhg iurp d suredelolw|0edvhg

ghvljq/ lq zklfk vlwhv duh vhohfwhg iurp wkh zdwhu uhvrxufh dv d zkroh +h1j1/ xvlqj

phwkrgv vxfk dv ghvfulehg lq Vhfwlrq ,1 Ohw e>K ghqrwh wkh hvwlpdwhg srsxodwlrq

phdq rewdlqhg iurp vdpsolqj dw eulgjhv/ ohw e>@ ghqrwh wkh hvwlpdwhg srsxodwlrq

phdq rewdlqhg iurp vdpsolqj dorqj wkh zdwhu uhvrxufh dv d zkroh/ dqg ohw �@hEe>K�

dqg �@hEe>@� ghqrwh wkh fruuhvsrqglqj yduldqfhv1 Wkhq wkh qxoo k|srwkhvlv wkdw vdp0

solqj dw eulgjhv |lhogv dq xqeldvhg hvwlpdwh ri wkh srsxodwlrq phdq fdq eh whvwhg

xvlqj wkh whvw vwdwlvwlf

| '
e>K � e>@t

�@hEe>K� n �@hEe>@�
�

Xqghu wkh qxoo k|srwkhvlv/ | lv dssur{lpdwho| w0glvwulexwhg zlwk ?K n ?@ � 2 ghjuhhv

ri iuhhgrp/ zkhuh ?@ dqg ?K duh wkh qxpehu ri revhuydwlrqv iurp wkh wzr uhvshfwlyh

vdpsohv1 Li hvwlpdwhv iurp dffhvv srlqwv duh qrw vljql�fdqwo| gl�huhqw iurp hvwlpdwhv

;;



rewdlqhg iurp wkh suredelolw|0edvhg ghvljq ryhu wkh uhvrxufh dv d zkroh/ wkhq vdpsolqj

dw dffhvv srlqwv vx!fhv1 Li qrw/ wkhq wkh eldv fdq eh hvwlpdwhg e|

eq ' e>K � e>@�

Dvvxplqj wkdw wkh wzr vdpsohv duh lqghshqghqw/ wkhq wkh yduldqfh ri wkh hvwlpdwhg

eldv fdq eh hvwlpdwhg e|

g�@hEeq� ' g�@hEe>@� n g�@hEe>K�

Wklv eldv fruuhfwlrq fdq wkhq eh dssolhg wr ixwxuh gdwd froohfwhg h{foxvlyho| iurp

dffhvv srlqwv> wkdw lv/ li e>� lv dq xqfruuhfwhg hvwlpdwh ri wkh srsxodwlrq phdq rewdlqhg

iurp dffhvv srlqw gdwd/ wkhq d eldv fruuhfwhg hvwlpdwh ri wkh srsxodwlrq phdq lv jlyhq

e|

e>S ' e>� � eqc
zlwk fruuhvsrqglqj yduldqfh hvwlpdwh

g�@hEe>S� ' g�@hEe>�� n g�@hEeq��
Qrwh wkdw wklv suhvxphv wkdw wkh vdph vdpsolqj ghvljq zdv hpsor|hg/ dqg dvvxphv

wkdw wkh eldv grhv qrw fkdqjh ryhu wlph1 Lw lv uhfrpphqghg wkdw wkh odwwhu dvvxpswlrq

eh fkhfnhg shulrglfdoo| xvlqj gdwd iurp d suredelolw| edvhg ghvljq lqfoxglqj qrq0

dffhvv srlqwv1 D ehwwhu dssurdfk zrxog eh wr lqfoxgh erwk dffhvv dqg qrq0dffhvv

srlqwv lq wkh ghvljq gxulqj hdfk vdpsolqj lqwhuydo1 Wkh doorfdwlrq ri vdpsolqj h�ruw

;<



ehwzhhq dffhvv dqg qrq0dffhvv srlqwv fdq eh ghwhuplqhg vr dv wr rewdlq wkh prvw

suhflvh hvwlpdwhv dw plqlpxp frvw1 Lpsuryhg shuirupdqfh pd| dovr eh dfklhyhg e|

dsso|lqj gl�huhqw eldv fruuhfwlrqv wr gl�huhqw vwudwd1

9 Uhwdlqlqj Lqirupdwlrq iurp Klvwrulfdo Gdwd

Ghvslwh wkh dgydqwdjhv rxwolqhg deryh/ pdqdjhuv ri vwdwh zdwhu txdolw| prqlwrulqj

surjudpv duh uhoxfwdqw wr lpsohphqw suredelolw|0edvhg vdpsolqj ghvljqv1 Pxfk ri

wklv uhoxfwdqfh vwhpv iurp wkh ihdu wkdw lqirupdwlrq iurp wkh klvwrulfdo gdwd edvh zloo

eh orvw1 Wkhuhiruh/ suredelolw|0edvhg vdpsolqj ghvljqv duh qrw olnho| wr eh zlgho| lp0

sohphqwhg xqohvv vwdwlvwlfdo dssurdfkhv wr frpelqlqj gdwd iurp mxgjphqw dqg sure0

delolw| vdpsolqj ghvljqv duh dydlodeoh1 Xqiruwxqdwho|/ phwkrgv iru frpelqlqj vxfk

gdwd kdyh uhfhlyhg yhu| olwwoh dwwhqwlrq lq wkh vwdwlvwlfdo olwhudwxuh1 Ryhuwrq/ \rxqj/

dqg Ryhuwrq +4<<6, xvh vdpsolqj iudph dwwulexwhv wr dvvljq mxgjphqw vlwhv wr foxvwhuv

ri vlplodu suredelolw| vlwhv1 Mxgjphqw vlwhv dvvljqhg wr d jlyhq foxvwhu duh dvvxphg wr

eh uhsuhvhqwdwlyh ri wkdw foxvwhu/ dqg duh wuhdwhg dv wkrxjk wkh| zhuh rewdlqhg iurp d

suredelolw|0edvhg vdpsolqj ghvljq1 Krzhyhu/ wkh uhsuhvhqwdwlyhqhvv ri wkh mxgjphqw

vlwhv zlwk uhvshfw wr wkhlu dvvljqhg foxvwhuv lv gl!fxow wr gldjqrvh/ dqg li idovh/ wkh

frpelqhg gdwd pd| |lhog eldvhg hvwlpdwhv +Fr{ dqg Slhjruvfk 4<<9,1

Wkh iroorzlqj sursrvhv dq dowhuqdwlyh dssurdfk wr frpelqlqj gdwd iurp klvwrulfdo

mxgjphqw vdpsoh vlwhv zlwk gdwd iurp qhz suredelolw|0edvhg vdpsoh vlwhv1 Wklv ds0
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surdfk uhtxluhv dq lqwhuydo ri ryhuods lq zklfk erwk klvwrulfdo mxgjphqw vlwhv dqg qhz

suredelolw|0edvhg vlwhv duh vdpsohg1 Wkhq wkh vsdwlr0whpsrudo fruuhodwlrq ehwzhhq

wkh wzr vdpsolqj ghvljqv lv h{sorlwhg wr suhglfw zkdw gdwd zrxog kdyh ehhq rewdlqhg

kdg d suredelolw|0edvhg vdpsolqj ghvljq ehhq lpsohphqwhg iurp wkh yhu| ehjlqqlqj

ri wkh prqlwrulqj surjudp1

914 Vsdfh0Wlph Prgho

Wkh iroorzlqj dvvxphv wkdw wkh gdwd duh d sduwldo uhdol}dwlrq ri d vsdwlr0whpsrudo

udqgrp surfhvv1 Lq sduwlfxodu/ dvvxph wkdw wkh gdwd ~Etc |� dw vlwh t 'E%c +� dqg wlph

| duh uhdol}hg iurp wkh prgho

~Etc |� ' q
f
n q

�
%�Etc|� n � � �n qR%REtc |� n 0Etc |�c +54,

zkhuh q
f
c q

�
c � � � c qR duh prgho sdudphwhuv/ dqg 0Etc |� lv d }hur0phdq huuru whup1 Wkh

h{sodqdwru| yduldeohv %�Etc|�c � � � c %REtc |� pd| eh ixqfwlrqv ri wkh vsdwldo frruglqdwhv/

wlph/ glvwdqfhv wr nqrzq jhrjudsklf ihdwxuhv +h1j1/ wkh prxwk ri wkh ulyhu v|vwhp,/

ru hqylurqphqwdo yduldeohv vxfk dv zdwhu whpshudwxuh/ fxuuhqw/ ru wxuelglw|1

Sdluv ri revhuydwlrqv wkdw duh forvh wrjhwkhu lq vsdfh dqg wlph duh olnho| wr eh

pruh vlplodu wr rqh dqrwkhu wkdq sdluv ri revhuydwlrqv wkdw duh idu dsduw1 Wklv

vsdwlr0whpsrudo ghshqghqfh fdq eh prghohg wkurxjk wkh vsdwlr0whpsrudo fruuhodwlrq

ixqfwlrq

4 Ent� � t2n c m|� � |2m� ' ULhhi~Et�c |��c ~Et2c |2�jc

<4



zklfk ghshqgv rqo| rq wkh glvwdqfh nt� � t2n ehwzhhq wkh sdlu ri vdpsoh vlwhv t�

dqg t2/ dqg wkh gl�huhqfh lq vdpsoh wlphv |� dqg |21 Wkh fruuhodwlrq ixqfwlrq wdnhv

ydoxhv ehwzhhq 04 dqg 4> srvlwlyh ydoxhv lqglfdwlqj srvlwlyh vsdwlr0whpsrudo ghshq0

ghqfh/ zkloh qhjdwlyh ydoxhv lqglfdwh qhjdwlyh vsdwlr0whpsrudo ghshqghqfh1 W|sl0

fdoo|/ wkh fruuhodwlrq ixqfwlrq zloo eh d ghfuhdvlqj ixqfwlrq ri erwk nt� � t2n dqg

m|� � |2m/ dv|pswrwlfdoo| dssurdfklqj }hur dv wkh vsdwldo dqg whpsrudo glvwdqfhv eh0

wzhhq wkh revhuydwlrqv lqfuhdvh1 Wkh udwh dw zklfk wkh fruuhodwlrq ixqfwlrq dssurdfkhv

}hur ghwhuplqhv wkh udqjh ri vsdwlr0whpsrudo fruuhodwlrq> fruuhodwlrq ixqfwlrqv wkdw

udslgo| dssurdfk }hur fkdudfwhul}h surfhvvhv zkhuh lqwhudfwlrqv rffxu rqo| ehwzhhq

vlwhv wkdw duh yhu| forvh wrjhwkhu/ zkloh fruuhodwlrqv wkdw vorz dssurdfk }hur fkdudf0

whul}h surfhvvhv zkhuh glvwdqw vlwhv lqwhudfw1 Revhuydwlrqv kdyh d shuihfw fruuhodwlrq

ri 4 zlwk wkhpvhoyhv vr wkdw 4Efc f� ' �� Krzhyhu/ wkhuh lv riwhq d glvfrqwlqxlw| dw

}hur zkhq wkh fruuhodwlrq ixqfwlrq lv sorwwhg djdlqvw glvwdqfh lq vsdfh ru wlph1 Wklv

glvfrqwlqxlw| lv wkh vr0fdoohg qxjjhw h�hfw/ dqg lv w|slfdoo| wkh uhvxow ri phdvxuhphqw

huuru ru vpdoo0vfdoh vdpsolqj yduldwlrq1

Dowhuqdwlyh phdvxuhv ri vsdwlr0whpsrudo ghshqghqfh lq wkh gdwd lqfoxgh wkh fr0

yduldqfh ixqfwlrq

�E�c o� ' j24E�c o�

dqg wkh ydulrjudp

2�E�c o� ' �@hi~Etc|�� ~Etn �c|n o�j
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' j2E�� 4E�c o��c

zkhuh j2 lv wkh yduldqfh ri wkh gdwd1 Wkh lpsruwdqfh ri wkh ydulrjudp frphv iurp

wkh revhuydwlrq wkdw qrqsdudphwulf hvwlpdwhv ri wkh ydulrjudp duh ohvv eldvhg wkdq

qrqsdudphwulf hvwlpdwhv ri wkh fryduldqfh ru fruuhodwlrq ixqfwlrqv +Fuhvvlh 4<<4,1

W|slfdoo|/ wkh ydulrjudp lv dvvxphg wr wdnh d sdudphwulf irup/ vxfk dv jlyhq e|

wkh h{srqhqwldo prgho

2�E�c o� '

;AAA?AAA=
f( E�c o� ' Efc f�

Sf n Sed�� i Ti��E�*Vr n o*V|�jo( E�c o� 9' Efc f�

�

Wkh sdudphwhu Sf lv wkh qxjjhw h�hfw/ Vr lv wkh udqjh ri vsdwldo fruuhodwlrq/ dqg V| lv

wkh udqjh ri whpsrudo fruuhodwlrq1 Wkh qxjjhw h�hfw Sf fdq eh lqwhusuhwhg wr eh wkh

yduldqfh gxh wr phdvxuhphqw huuru soxv plfurvfdoh vdpsolqj yduldqfh1 Sdluv ri vlwhv

orfdwhg glvwdqfhv ixuwkhu wkdq Vr dsduw ru revhuydwlrqv froohfwhg dw wlphv ixuwkhu wkdq

V| duh qhjoljleo| fruuhodwhg1 Wkh yduldqfh j2 ' �

2
ESf n Se��

D ydulhw| ri phwkrgv duh dydlodeoh iru hvwlpdwlqj ydulrjudp sdudphwhuv> iru d

uhylhz/ vhh Fuhvvlh +4<<4/ Vhfwlrq 519,1 Wkh zhljkwhg ohdvw vtxduhv hvwlpdwh uhtxluhv

qr glvwulexwlrqdo dvvxpswlrqv/ dqg lv sduwlfxoduo| zhoo vxlwhg wr �wwlqj prghov wr

odujh vsdwlr0whpsrudo gdwd vhwv1 Lw lqyroyhv wkh �wwlqj ri d sdudphwulf ydulrjudp

prgho 2�E�c o(w� wr wkh phwkrg ri prphqwv hvwlpdwru ri wkh ydulrjudp

2e�E�c o� ' �

��o

[ me0Et�c |�� e0Et�c |n o�m2c +55,
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zkhuh wkh vxp lv ryhu doo sdluv ri revhuydwlrqv froohfwhg dw vlwhv dssur{lpdwho| glvwdqfh

� dsduw dqg dw vdpsoh wlphv o dsduw/ dqg ��o lv wkh qxpehu ri vxfk sdluv ri vlwhv1

Wkh ydoxhv e0Et�c |� duh uhvlgxdov iurp d pxowlsoh uhjuhvvlrq ri wkh gdwd djdlqvw wkh

h{sodqdwru| yduldeohv %�Etc|�c � � � c %REtc |�� Wkh zhljkwhg ohdvw vtxduhv hvwlpdwru ri

wkh sdudphwhu w lv wkhq rewdlqhg e| �qglqj ew wkdw plqlpl}hv

[
�

[
&

me�E��c o&�� �E��c o&(w�m2
�@hie�E��c o&�j c

zkhuh wkh vxp lv ryhu doo vsdwldo dqg whpsrudo odjv dw zklfk 2e�E�c o� lv frpsxwhg/
dqg

�@hie�E��c o&�j �' 2i2�E�c o(w�j2*��o�

915 Vsdwlr0Whpsrudo Suhglfwlrq

Vxssrvh wkdw �{hg vlwhv t�c � � � c t? duh vhohfwhg dffruglqj wr dq duelwudu| mxgjphqw

vdpsolqj ghvljq/ dqg wkdw wkh yduldeoh ri lqwhuhvw lv revhuyhg dw wkrvh vlwhv dw wlph | '

�c � � � c A� Wkxv/ wkh mxgjphqw vdpsoh gdwd duh i~Et�c |� G � ' �c � � � c ?( | ' �c � � � c Aj�

Dw wlph | ' � 	 Ac d suredelolw|0edvhg vdpsolqj ghvljq lv lpsohphqwhg/ vhohfwlqj

vlwhv ��c � � � c�6� Gdwd duh wkhq froohfwhg dw wlphv | ' � c � n �c � � � c vr wkdw wkh

suredelolw| vdpsoh gdwd duh i~E��c |� G � ' �c � � � c6( | ' � c � � � c Aj� Pruh jhqhudoo|/

qhz suredelolw| vdpsoh vlwhv pd| eh vhohfwhg lq hdfk vdpsoh lqwhuydo/ ru d vhuldoo|

dowhuqdwlqj ghvljq pd| eh lpsohphqwhg1 Iru hdvh ri qrwdwlrq/ krzhyhu/ zh vkdoo xvh

d shupdqhqw vwdwlrq vdpsoh ghvljq khuh +vhh Vhfwlrq 616,1
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Rxu remhfwlyh lv wr edfn suhglfw zkdw gdwd zrxog kdyh ehhq rewdlqhg kdg d

suredelolw|0edvhg vdpsolqj ghvljq ehhq lpsohphqwhg iurp wkh yhu| ehjlqqlqj ri wkh

prqlwrulqj surjudp> wkdw lv/ suhglfw wkh xqrevhuyhg ydoxhv ri i~E��c |� G � ' �c � � � c6(

| ' �c � � � c � � �j1 Nuljlqj lv shukdsv wkh prvw srsxodu phwkrg ri vsdwldo suhglf0

wlrq +Fuhvvlh 4<;<,/ dqg fdq eh hdvlo| h{whqghg wr vsdwlr0whpsrudo suhglfwlrq1 Wklv

srsxodulw| rzhv pxfk wr lwv vwdelolw| zlwk uhvshfw wr ylrodwlrqv ri prgho dvvxps0

wlrqv +h1j1/ Fuhvvlh dqg ]lpphupdq 4<<5,1 Lq sduwlfxodu/ nuljlqj lv qrw vhqvlwlyh wr

zkhwkhu ru qrw d vsdwldo wuhqg lv lqfoxghg lq wkh prgho +Mrxuqho dqg Urvvl 4<;<,/ ru

wr plvvshfl�fdwlrq ri wkh ydulrjudp prgho +Vwhlq dqg Kdqgfrfn 4<;<,1

Li wkh frpsohwh gdwd edvh zhuh wr eh xvhg/ vsdwlr0whpsrudo suhglfwlrq zrxog uh0

txluh wkh vroxwlrq ri ?A n6EA �� n��nRn� olqhdu htxdwlrqv iru wkh vdph qxpehu

ri xqnqrzqv� Wklv pd| qrw eh sudfwlfdo iru d uhdvrqdeo| odujh gdwd vhw1 Wkhuhiruh/

wkh iroorzlqj vsdwlr0whpsrudo suhglfwru vkdoo rqo| xvh gdwd iurp wkh mxgjphqw vdpsoh

dw wlph |/ dqg gdwd iurp wkh suredelolw| ghvljq dw wlph � wr suhglfw wkh xqrevhuyhg

ydoxhv ri wkh gdwd iurp wkh suredelolw| vdpsoh dw wlph |1 Wkhq wkh xqlyhuvdo nuljlqj

suhglfwru lv

e~E�&c |� '
?[

�'�

b��~Et�c |� n
6[
�'�

b2�~E��c � �c +56,

zkhuh wkh frh!flhqwv b��c � � � c b�?c b2�c � � � c b26 duh vhohfwhg wr plqlpl}h wkh phdq

vtxduhg suhglfwlrq huuru vxemhfw wr wkh frqvwudlqw wkdw wkh uhvxowlqj suhglfwru eh

xqeldvhg iru wkh wuxh ydoxh1 Wkhvh frh!flhqwv fdq eh rewdlqhg e| vroylqj wkh olqhdu
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v|vwhp ri ?n6n Rn � htxdwlrqv

?[
�'�

b��� Ent� � t�n c f� n
6[
�'�

b2�� En�� � t�n c � � |� n 1
f
n

R[
�'�

1�%�Et�c |� ' � Ent� � �&n c f� (

� ' �c � � � c ?c

?[
�'�

b��� Ent� � ��n c f� n
6[
�'�

b2�� En�� � ��n c � � |� n 1
f
n

R[
�'�

1�%�E��c |� ' � En�� � �&n c � � |� (

� ' �c � � � c6c

?[
�'�

b�� n
6[
�'�

b2� ' �c

?[
�'�

b��%�Et�c |� n
6[
�'�

b2�%�E��c � � ' %�E�&c |�( � ' �c � � � c Rc

iru wkh ?n6n Rn � xqnqrzqv b��c � � � c b�?c b2�c � � � c b26c 1fc 1�c � � � c 1R� Wklv v|vwhp

ri htxdwlrqv lv fdoohg wkh nuljlqj htxdwlrqv1 Wkh suhflvlrq ri wkh uhvxowlqj nuljlqj

suhglfwru lv ghvfulehg e| wkh nuljlqj yduldqfh

j2E�&c |� '
?[

�'�

b��� En�& � t�n c f� n
6[
�'�

b2�� En�& � ��n c � � |� n 1
f
n

R[
�'�

1�%�E�&c |��

916 Vlpxodwlrq Prgho

Vsdwlr0whpsrudo gdwd frpsulvhg ri revhuydwlrqv iurp erwk mxgjphqw dqg suredelolw|

vdpsolqj ghvljqv duh qrw dydlodeoh1 Wkhuhiruh/ zh pxvw uho| rq vlpxodwlrq wr dvvhvv

wkh h!fdf| ri wkh deryh dssurdfk wr frpelqlqj1 Lq sduwlfxodu/ gdwd vkdoo eh vlpxodwhg

iurp wkh vsdwlr0whpsrudo udqgrp prgho

~Etc|� ' @fsE|� n @r>Et� n @|kE|� n @r|qEtc |� n @00Etc |�� +57,

<9



Wkh ixqfwlrq sE|� prghov wkh edfnjurxqg whpsrudo wuhqg +Iljxuh 45,1 Wkh vsdwldo

udqgrp �hog >Et� kdv xqlw yduldqfh dqg vsdwldo fruuhodwlrq ixqfwlrq

4rE�� ' i Ti���*Vrj

zlwk d orqj udqjh ri vsdwldo ghshqghqfh ri Vr ' 2ff np> iru wkh fxuuhqw dssolfdwlrq/

lw fdq eh frqvlghuhg wr prgho wkh vsdwldo wuhqg lq wkh gdwd +Iljxuh 46,1 Olnhzlvh/ wkh

whpsrudo surfhvv kE|� kdv xqlw yduldqfh dqg whpsrudo fruuhodwlrq ixqfwlrq

4|Eo� ' i Ti��o*V|j

zlwk d orqj udqgrp ri whpsrudo fruuhodwlrq ri V| ' �fff |hduv1 Wkh vsdwlr0whpsrudo

udqgrp surfhvv qEtc |� doorzv wkh whpsrudo wuhqg wr ghshqg rq orfdwlrq> lw kdv xqlw

yduldqfh dqg vsdwlr0whpsrudo fruuhodwlrq ixqfwlrq

4r|E�c o� ' i Ti���*Vr � �o*V|j

zlwk uhodwlyho| vkruw udqjhv ri vsdwldo dqg whpsrudo fruuhodwlrq vhw dw Vr ' 2f np

dqg V| ' �f |hduv1 Doo wkuhh ri wkh deryh surfhvvhv zhuh vlpxodwhg xvlqj wkh vshfwudo

phwkrg +Vklqr}xnd 4<:4> Phmld dqg Urguljxh}0Lwxueh 4<:7,1 Wkh huuru 0Etc |� lv

Jdxvvldq zklwh qrlvh zlwk xqlw yduldqfh/ dqg prghov wkh h�hfwv ri phdvxuhphqw huuru1

Lw zdv vlpxodwhg xvlqj wkh srodu phwkrg +Ulsoh| 4<;:/ s1 95,1

Wkh uhodwlyh lq xhqfh ri wkh irxu frpsrqhqw surfhvvhv rq wkh uhvxowlqj gdwd fdq

eh �{hg e| ydu|lqj wkh ohyhov ri wkh frh!flhqwv @rc @|c @r|c dqg @0� Li zh vhw @r| ' fc

<:



Iljxuh 45= Whpsrudo Wuhqg1

wkhq wkh vsdwldo dqg whpsrudo h�hfwv duh dgglwlyh/ dqg wkh vdpsolqj eldv dwwulexwhg

wr wkh mxgjphqw vdpsolqj ghvljq fdq eh vlpso| uhpryhg e| vxewudfwlrq1 Lw vhhpv

pruh olnho| wkdw whpsrudo wuhqgv rffxuulqj lq wkh gdwd pd| ghshqg rq orfdwlrq/ dqg

vr/ vdpsolqj eldv fdqqrw eh vlpso| uhpryhg e| vxewudfwlrq1

Wzr vdpsohv ri gdwd duh jhqhudwhg1 D wrwdo ri 433 suredelolw| vlwhv ��c � � � c��ff

duh rewdlqhg d vlpsoh udqgrp vdpsoh ryhu d �ff� �ff np uhjlrq1 Iru wkh mxgjphqw

vdpsoh/ dq dgglwlrqdo 433 vlwhv t�c � � � c t�ff duh lqghshqghqwo| vhohfwhg iurp wkh ghqvlw|

sursruwlrqdo wr

REt� '
i Tiq

f
n q

�
>Et�j

� n i Tiq
f
n q

�
>Et�j c

zklfk ghshqgv rq wkh uhdol}dwlrq ri wkh �uvw frpsrqhqw ri rxu vlpxodwlrq prgho +57,1
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Iljxuh 46= Vsdwldo Wuhqg1

<<



Qrwh wkdw li q
�
' fc wkhq zh rewdlq dqrwkhu vlpsoh udqgrp vdpsoh1 Iru q

�
: f/ wkh

mxgjphqw vdpsoh lv eldvhg lq idyru ri kljk gdwd ydoxhv/ zkloh iru q
�
	 f/ wkh mxgjphqw

vdpsoh lv eldvhg lq idyru ri orz gdwd ydoxhv1 Gdwd iru erwk ghvljqv lv jhqhudwhg iru

|hduv | ' �c � � � c Dfc exw lw lv dvvxphg wkdw wkh suredelolw|0edvhg srlqwv duh rqo|

revhuyhg iru |hduv | ' e�c � � � c Df�

917 H�hfw ri Vdpsolqj Eldv

Wkh jhrvwdwlvwlfdo phwkrgv ghvfulehg lq Vhfwlrqv 914 dqg 915 duh fduulhg rxw frqgl0

wlrqdo rq zkdw vlwhv duh dfwxdoo| lqfoxghg lq wkh vdpsoh/ dqg wkxv/ ljqruh wkh h�hfwv

ri vdpsolqj yduldwlrq rq ydulrjudp hvwlpdwhv dqg vsdwlr0whpsrudo suhglfwlrqv1 Lq

sduwlfxodu/ wkh srwhqwldo h�hfwv ri vdpsolqj eldv lq wkh mxgjphqw vdpsolqj ghvljq duh

qrw frqvlghuhg1 Wkhvh h�hfwv vkdoo eh wkrurxjko| h{soruhg xqghu wkh iroorzlqj ydoxhv

ri wkh prgho sdudphwhuv= @f ' Dc @r ' �fc @| ' �c @r| ' �c @0 ' f�Dc q
f
' ��c dqg

q
�
' e� Wdnlqj q

�
: f |lhogv d mxgjphqw vdpsolqj ghvljq eldvhg lq idyru ri odujh ydo0

xhv1 Lq Iljxuh 47/ wkh vdpsoh phdqv iru erwk ghvljqv duh sorwwhg djdlqvw wlph1 Gdwd

iurp wkh mxgjphqw vdpsolqj ghvljq vkrz dq lqfuhdvlqj wuhqg ryhu wlph +wuldqjohv,/

zlwk d odujh mxps lq phdq ohyho rffxuulqj lq |hdu 641 Wkh suredelolw| vlwhv zhuh rqo|

vdpsohg diwhu |hdu 74/ exw/ dv h{shfwhg jlyhq wkdw q
�
: fc kdyh orzhu phdqv wkdq

wkh mxgjphqw vlwhv +flufohv,1 Rxu remhfwlyh lv wr suhglfw wkh xqrevhuyhg ydoxhv iru wkh

suredelolw|0edvhg ghvljq iurp |hduv 4 wr 731
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Iljxuh 47= Dqqxdo phdqv iru mxgjphqw +wuldqjohv, dqg suredelolw| +flufohv, vdpsoh

vlwhv1

Wkh gdwd iurp wkh wzr ghvljqv zhuh �wwhg vhsdudwho| wr wkh sodqdu wuhqg prgho

~E%c +c |� ' kf n k�%n k2+ n 0E%c +c |�c

zkhuh ~E%c +c |� ghqrwhv wkh gdwd froohfwhg dw frruglqdwhv E%c +� dw wlph |c dqg 0E%c +c |�

lv wkh prgho huuru1 Ruglqdu| ohdvw vtxduhv hvwlpdwhv |lhog wkh �wwhg prghov

~E%c +c |� ' �D�. n f�f.f�%� f�f�DD+

iru wkh mxgjphqw ghvljq/ dqg

~E%c +c |� ' �H�2 n f�fHS.� f�f2Sb+

iru wkh suredelolw|0edvhg ghvljq1 Qrwlfh wkdw wkh hvwlpdwhg sduwldo vorshv duh ri orzhu

pdjqlwxgh xqghu wkh mxgjphqw ghvljq wkdq xqghu wkh suredelolw|0edvhg ghvljq1
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Wkh phwkrg ri prphqwv hvwlpdwru 2e�rE�� iru wkh vsdwldo ydulrjudp 2�rE�� '

2�E�c f� +h{suhvvlrq +55,, zdv frpsxwhg vhsdudwho| iru hdfk ri wkh wzr ghvljqv1 Wkh

uhvxowv vxjjhvw wkdw wkh eldvhg mxgjphqw vdpsolqj ghvljq dovr |lhogv d eldvhg hvwlpdwh

ri wkh ydulrjudp1 Iru erwk ghvljqv/ 2e�rE�� lqfuhdvhv udslgo| wr dq dv|pswrwh zlwk

lqfuhdvlqj � +Iljxuh 48,1 Krzhyhu/ wkh dv|pswrwh xqghu wkh mxgjphqw vdpsolqj

ghvljq dsshduv wr eh odujhu wkdq wkdw xqghu wkh suredelolw|0edvhg ghvljq1 Zhljkwhg

ohdvw vtxduhv hvwlpdwlrq zdv xvhg wr �w wkh h{srqhqwldo ydulrjudp prgho

2�rE�� ' 2j2E�� i Ti���*Vrj�

wr 2e�rE�� iru hdfk ghvljq/ zkhuh j2 lv wkh yduldqfh ri wkh gdwd/ dqg Vr lv wkh udqjh

ri vsdwldo fruuhodwlrq1 Wkh wzr ghvljqv |lhoghg qhduo| lghqwlfdo hvwlpdwhg udqjhv ri

vsdwldo fruuhodwlrq> eVr ' ���. np iru wkh suredelolw|0edvhg vlwhv/ dqg eVr ' �f�S np iru

wkh mxgjphqw vlwhv1 Krzhyhu/ wkh mxgjphqw vlwhv vkrz d kljkhu yduldqfh +ej2 ' �2�f2,

wkdq wkh suredelolw| vlwhv +ej2 ' �f�eD,1

Xqghu wkh dvvxpswlrqv ri wkh prgho/ wkh phwkrg ri prphqwv hvwlpdwru ri wkh

whpsrudo ydulrjudp 2�|Eo� ' 2�Efc o� +h{suhvvlrq 55, uhpdlqv xqeldvhg hyhq zkhq

d eldvhg vdpsoh lv rewdlqhg1 Wkhuhiruh/ wkh hvwlpdwh ri wkh whpsrudo ydulrjudp

zdv rewdlqhg e| srrolqj doo ri wkh revhuyhg gdwd1 Wkh whpsrudo ydulrjudp 2e�|Eo�

lqfuhdvhv wr dq dv|pswrwh zlwk lqfuhdvlqj wlph odj o +Iljxuh 49,1 Zhljkwhg ohdvw

vtxduhv hvwlpdwlrq zdv xvhg wr �w wkh h{srqhqwldo ydulrjudp prgho

2�|Eo� ' 2j2E�� i Ti���*V|j�
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Iljxuh 48= Ilwwhg vsdwldo ydulrjudp prghov iru suredelolw|0edvhg +vrolg olqh �w wr wkh

flufohv,/ dqg mxgjphqw +gdvkhg olqh �w wr wkh wuldqjohv, vdpsoh vlwhv1

wr 2e�|Eo�c zkhuh j2 lv wkh yduldqfh ri wkh gdwd/ dqg V| lv wkh udqjh ri whpsrudo

fruuhodwlrq1 Wkh hvwlpdwhg udqjh ri whpsrudo fruuhodwlrq zdv eV| ' �2�2 |hduv1

Wkh xqlyhuvdo nuljlqj suhglfwru +56, zdv frpsxwhg iru wkh xqrevhuyhg gdwd dw wkh

suredelolw| vdpsoh vlwhv ehwzhhq |hduv 4 dqg 731 Wkhq/ zlwklq hdfk ri wkhvh |hduv/

wkh phdq ri wkh suhglfwhg ydoxhv zdv frpsxwhg xvlqj

e>| '
�

6

6[
�'�

e~E��c |�c +58,

zkhuh e~E��c |� lv jlyhq e| h{suhvvlrq +56,1 Iljxuh 4: frpsduhv wkhvh phdq suhglfwhg

ydoxhv +{*v, zlwk wkh xqrevhuyhg phdq ydoxhv +rshq flufohv, ri wkh suredelolw| vlwhv

lq |hduv 4 wr 731 Qrwh wkdw wkh phdqv ri wkh suhglfwhg ydoxhv irup d vprrwkhu fxuyh
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Iljxuh 49= Ilwwhg whpsrudo ydulrjudp prgho1

wkdq hlwkhu wkh revhuyhg phdqv ri wkh mxgjphqw vdpsoh vlwhv/ ru wkh xqrevhuyhg

phdqv ri wkh suredelolw| vdpsoh vlwhv1 Wklv lv qrw xqh{shfwhg jlyhq wkdw nuljlqj lv

d vprrwklqj dojrulwkp1 Wkh phdqv ri wkh suhglfwhg ydoxhv gr whqg wr idoo ehorz

wkh revhuyhg phdqv iurp wkh mxgjphqw vdpsoh vlwhv +wuldqjohv, lqglfdwlqj wkdw wkh

sursrvhg surfhgxuh grhv uhgxfh wkh eldv dwwulexwhg wr wkh mxgjphqw vdpsolqj ghvljq1

Pruhryhu/ wkh phdqv ri wkh suhglfwhg ydoxhv vxffhvvixoo| slfn xs wkh glvfrqwlqxlw| lq

wkh gdwd dw |hdu 641 Krzhyhu/ wkh phdqv ri wkh suhglfwhg ydoxhv dovr whqg wr idoo deryh

wkh xqrevhuyhg phdqv ri wkh suredelolw| vdpsoh vlwhv +rshq flufohv,/ zklfk wkh| zhuh

lqwhqghg wr suhglfw1 Wkxv/ wkh sursrvhg surfhgxuh vwloo |lhogv eldvhg suhglfwlrqv1
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Iljxuh 4:= Frpsdulvrq ri suhglfwhg +{*v, dqg xqrevhuyhg +rshq flufohv, vdpsoh phdqv

iru suredelolw| vlwhv lq |hduv 4 wr 731 Lq dgglwlrq/ revhuyhg dqqxdo phdqv iru mxgjphqw

+wuldqjohv, dqg suredelolw| +rshq flufohv, vdpsoh vlwhv duh jlyhq1
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918 Eldv Uhgxfwlrq

Wkh revhuyhg srvlwlyh eldv lv qrw xqh{shfwhg jlyhq wkdw wkh mxgjphqw vdpsoh vlwhv

duh eldvhg lq idyru ri kljk gdwd ydoxhv/ dqg jlyhq wkh uroh wkdw wkh mxgjphqw vdpsoh

vlwhv sod| lq suhglfwlqj xqrevhuyhg sdvw ydoxhv dw wkh suredelolw| vdpsoh vlwhv1 Wkh

pdjqlwxgh ri wklv eldv fdq eh hvwlpdwhg xvlqj gdwd iurp wkrvh |hduv lq zklfk revhu0

ydwlrqv iurp erwk ghvljqv duh dydlodeoh1 Wklv fdq eh dffrpsolvkhg e| suhglfwlqj wkh

revhuyhg gdwd iurp wkh suredelolw| edvhg ghvljq xvlqj

e~�E�&c |� '
?[

�'�

b��~Et�c |� n
6[
�'�

b2�~E��c |n ��( | ' � c � � � c A � �c

zkhuh wkh frh!flhqwv b��c � � � c b�?c b2�c � � � c b26 duh vhohfwhg wr plqlpl}h wkh phdq

vtxduhg suhglfwlrq huuru vxemhfw wr wkh frqvwudlqw wkdw wkh uhvxowlqj suhglfwru eh

xqeldvhg iru wkh wuxh ydoxh ri wkh gdwd1 Wklv suhglfwru xvhv gdwd iurp wkh mxgjphqw

vdpsolqj dw wlph |c dqg gdwd iurp wkh suredelolw|0edvhg vdpsolqj ghvljq dw wlph |n�

wr suhglfw wkh gdwd iru wkh suredelolw|0edvhg ghvljq dw wlph |� Wkhq wkh suhglfwlrq

eldv ri e~�E�&c |� lv jlyhq e|

K�E�&c |� ' e~�E�&c |�� ~�E�&c |��

Wkh vxevfulsw � lv lqfoxghg lq e~�E�&c |� dqg K�E�&c |� wr wdnh lqwr dffrxqw wkdw wkh

suhglfwlrq eldv pd| ghshqg rq wkh qxpehu ri wlph odjv � lq wkh sdvw zh duh dwwhpswlqj

wr edfn suhglfw wkh suredelolw|0edvhg gdwd1 Wkh phdq suhglfwlrq eldv lq |hdu | xqghu
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d suhglfwru xvlqj suredelolw| edvhg gdwd � |hduv lq wkh ixwxuh lv wkhq jlyhq e|

K�| '
�

6

6[
&'�

K�E�&c |��

Wdeoh : jlyhv wkh phdq suhglfwlrq eldv lq |hdu | xqghu suhglfwruv xvlqj suredelolw|

edvhg gdwd � wlph odjv lq wkh ixwxuh1 Qrwlfh wkdw wkh suhglfwlrq eldv ghshqgv vwurqjo|

rq zkdw |hdu*v gdwd zh duh dwwhpswlqj wr suhglfw1 Krzhyhu/ wklv lv ri olwwoh xvh iru

hvwlpdwlqj wkh phdq eldv lq |hduv 4 wr 731 Zlwklq hdfk |hdu/ wkh eldv dsshduv wr

lqfuhdvh vrphzkdw zlwk lqfuhdvlqj wlph odj1 Wklv vxjjhvwv wkdw wkh pdjqlwxgh ri eldv

lq wkh sursrvhg suhglfwru zloo lqfuhdvh dv zh dwwhpsw wr edfn suhglfw wkh suredelolw|

gdwd ixuwkhu lqwr wkh sdvw1

Wr txdqwli| wkh uhodwlrqvkls ehwzhhq phdq eldv dqg wlph odj/ wkh jhqhudo olqhdu

prgho

K�| ' >n k� n q| n 0�|

zdv �w wr wkh revhuydwlrqv lq wdeoh :/ zkhuh > lv wkh ryhu phdq k� lv wkh h�hfw ri wlph

odj �/ dqg q| lv wkh h�hfw ri |hdu |� Wkhq wkh phdq eldv iru wlph odj � zdv dgmxvwhg

wr wdnh lqwr dffrxqw yduldwlrq dprqj |hduv xvlqj wkh jhqhudo olqhdu prghov surfhgxuh

ri VDV +VDV Lqvwlwxwh 4<;8,1 Wkh dgmxvwhg phdq eldv lv wkhq sorwwhg djdlqvw wlph

odj dv vkrzq lq Iljxuh 4;1 Qrwlfh wkdw wkh dgmxvwhg phdq eldv dsshduv wr lqfuhdvh

olqhduo| zlwk lqfuhdvlqj wlph odj/ ixuwkhu lqglfdwlqj wkh eldv lq wkh sursrvhg suhglfwru

lqfuhdvhv dv zh dwwhpsw wr edfn suhglfw wkh suredelolw| gdwd ixuwkhu lqwr wkh sdvw1
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odj �

\hdu 4 5 6 7 8 9 : ; <

74 4175; 417;; 41848 41848 4184: 41875 4189: 41899 418:<

75 4144; 4147< 41477 41478 414:9 41536 41534 41548

76 3183< 317;: 317;4 31847 31875 31869 31884

77 3184; 3184: 31894 318<9 318;< 31939

78 41348 4138< 413<6 413:: 413<6

79 31<5: 31<:5 31<83 31<9<

7: 31:4: 319:8 319<6

7; 319<4 31:58

7< 413<:

Wdeoh := Phdq eldv dv d ixqfwlrq ri |hdu lq zklfk suredelolw| gdwd duh suhglfwhg dqg

wlph odj1
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Iljxuh 4;= Dgmxvwhg phdq eldv sorwwhg djdlqvw wlph odj1

Ilwwlqj d olqhdu prgho wr wkh gdwd lq Iljxuh 4;/ zh rewdlq wkh iroorzlqj hvwlpdwh iru

wkh eldv dw wlph odj �=

eK� ' f�H.bHb n f�f�e�Se��

Xvlqj wkh h{suhvvlrq deryh/ d eldv fruuhfwhg suhglfwru iru wkh phdq ri wkh sured0

elolw| vdpsoh vlwhv lq |hdu | lv jlyhq e|

h>| ' e>| � eK� 3|

' e>| � f�H.bHb� f�f�e�Se� Ee�� |��

Iljxuh 4< frpsduhv eldv fruuhfwhg suhglfwhg phdq ydoxhv +{*v, zlwk wkh xqrevhuyhg

phdq ydoxhv +rshq flufohv, ri wkh suredelolw| vlwhv lq |hduv 4 wr 731 Frpsdulqj wkh

uhvxowv lq Iljxuh 4< zlwk wkrvh suhylrxvo| rewdlqhg lq Iljxuh 4:/ qrwlfh wkdw wkh eldv
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fruuhfwlrq zdv vxffhvvixo lq uhgxflqj wkh eldv lq suhglfwhg ydoxhv1 Krzhyhu/ wkhuh

lv d vxjjhvwlrq ri d vpdoo ryhufruuhfwlrq/ zlwk eldvhg fruuhfwhg suhglfwlrqv idoolqj

voljkwo| ehorz wkh xqrevhuyhg phdqv wkdw wkh| duh dwwhpswlqj wr suhglfw1 Wkdw wkh

suhglfwhg ydoxhv idoo zhoo ehorz wkh xqrevhuyhg phdqv lq wkh �uvw qlqh |hduv fdq eh

dwwulexwhg wr wkh revhuydwlrq wkdw wkh mxgjphqw vlwhv vkrz yhu| olwwoh vdpsolqj eldv lq

wkrvh |hduv1 Wklv srlqwv wr rqh ri wkh vkruwfrplqjv ri wkh sursrvhg dssurdfk wr edfn

suhglfwlrq> lw dvvxphv wkdw wkh vdpsolqj eldv vkrzv qr whpsrudo wuhqgv1 Qhyhuwkhohvv/

lw lv lqwhuhvwlqj wr qrwh wkdw wkh suhglfwhg ydoxhv wudfn wkh wuhqg ixqfwlrq lq Iljxuh

45 yhu| zhoo1

919 Frqfoxvlrqv dqg Uhfrpphqgdwlrqv

Wkh deryh dssurdfk h{sorlwv wkh vsdwlr0whpsrudo fruuhodwlrq zlwk klvwrulfdo gdwd iurp

wkh mxgjphqw vdpsolqj ghvljq wr edfn suhglfw wkh xqrevhuyhg phdqv dw suredelolw|

vdpsoh vlwhv1 Wr frpshqvdwh iru wkh vdpsolqj eldv ri wkh mxgjphqw vdpsoh/ d eldv

fruuhfwlrq lv uhtxluhg1 Wklv dssurdfk uhtxluhv wkh fduhixo prgholqj ri dq| vsdwldo

wuhqgv wkdw pd| rffxu ryhu wkh vwxg| uhjlrq/ wkh vsdwlr0whpsrudo fruuhodwlrq vwuxfwxuh

lq wkh gdwd/ dqg wkh eldv uhvxowlqj iurp wkh mxgjphqw vdpsoh ghvljq1 Wr hqvxuh

wkdw prgho dvvxpswlrqv duh vdwlv�hg/ dssursuldwh gldjqrvwlf surfhgxuhv vkrxog eh

lpsohphqwhg1

Eldv fruuhfwlrq uhtxluhv d shulrg ri ryhuods lq zklfk revhuydwlrqv duh froohfwhg
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Iljxuh 4<= Frpsdulvrq ri eldv fruuhfwhg suhglfwhg +{*v, dqg xqrevhuyhg +rshq flufohv,

vdpsoh phdqv iru suredelolw| vlwhv lq |hduv 4 wr 731 Lq dgglwlrq/ revhuyhg dqqxdo phdqv

iru mxgjphqw +wuldqjohv, dqg suredelolw| +forvhg flufohv, vdpsoh vlwhv duh jlyhq1
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iurp erwk vdpsolqj ghvljqv1 Ixuwkhu uhvhdufk lv uhtxluhg wr ghwhuplqh krz orqj wkdw

shulrg ri ryhuods vkrxog eh1 Wkh eldv fruuhfwlrq dovr dvvxphv wkdw wkh vdpsolqj

eldv ri wkh mxgjphqw ghvljq vkrzv qr whpsrudo wuhqgv1 Lq sudfwlfh/ lw lv qrw srvvleoh

wr ghwhuplqh wkdw ydolglw| ri wklv dvvxpswlrq1 Lpsuryhg suhglfwlrqv frxog srwhq0

wldoo| eh rewdlqhg li vlwhv iurp erwk wkh suredelolw|0edvhg dqg mxgjphqw vdpsolqj

ghvljqv duh sduwlwlrqhg lqwr vwudwd vhohfwhg wr plqlpl}h vdpsolqj eldv ri mxgjphqw

vlwhv zlwklq vwudwd1 Vxfk vwudwd pljkw eh vhohfwhg xvlqj wkh phwkrgv ri Ryhuwrq hw

do1 +4<<6,1 Vwudwxp lghqwl�fdwlrq fdq wkhq eh xvhg dv h{sodqdwru| yduldeohv lq wkh

vsdwlr0whpsrudo prgho +54,/ qrw rqo| lpsurylqj wkh suhflvlrq ri suhglfwlrqv/ exw dovr

uhgxflqj wkh h�hfwv ri vdpsolqj eldv1

Uhihuhqfhv

Fr{/ O1K1/ dqg Slhjruvfk/ Z1Z1 4<<91 Frpelqlqj hqylurqphqwdo lqirupdwlrq L=

hqylurqphqwdo prqlwrulqj/ phdvxuhphqw/ dqg dvvhvvphqw1 Hqyulrqphwulfv :/

5<<063;1

Fuhvvlh/ Q1 4<;<1 Wkh pdq| idfhv ri vsdwldo suhglfwlrq1 Lq Jhrvwdwlvwlfv/ Yro1 4/ P1

Dupvwurqj/ hg1/ Noxzhu/ Gruguhfkw/ 49604:91

Fuhvvlh/ Q1 4<<41 Vwdwlvwlfv iru Vsdwldo Gdwd1 Zloh|/ Qhz \run1

Fuhvvlh/ Q1/ dqg ]lpphupdq/ G1O1 4<<51 Rq wkh vwdelolw| ri wkh jhrvwdwlvwlfdo

phwkrg1 Pdwkhpdwlfdo Jhrorj| 57/ 7808<1
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Kruq/ F1U1/ dqg Jud|pdq/ Z1P1 4<<61 Zdwhu0txdolw| prqlwrulqj zlwk HSD uhdfk

�oh v|vwhp1 Mrxuqdo ri Zdwhu Uhvrxufhv Sodqqlqj dqg Pdqdjhphqw 44</ 5950

5:71

Mrxuqho/ D1J1/ dqg Urvvl/ P1H1 4<;<1 Zkhq gr zh qhhg d wuhqg prgho lq nuljlqjB

Pdwkhpdwlfdo Jhrorj| 54/ :480:6<1

Oduvhq/ G1S1/ dqg Fkulvwlh/ V1M1 4<<61 HPDS0Vxuidfh Zdwhuv 4<<4 Slorw Uhsruw1

HSD29532U0<623361 X1V1 Hqylurqphqwdo Surwhfwlrq Djhqf|/ R!fh ri Uhvhdufk

dqg Ghyhorsphqw/ Zdvklqjwrq/ G1F1

Phmld/ M1P1/ dqg Urguljxh}0Lwxueh/ L1 4<:71 Rq wkh v|qwkhvlv ri udqgrp �hog vdp0

solqj iurp wkh vshfwuxp= Dq dssolfdwlrq wr wkh jhqhudwlrq ri k|gurorjlf vsdwldo

surfhvvhv1 Zdwhu Uhvrxufhv Uhvhdufk 43/ :380:441

Phvvhu/ M1M1/ Olqwkxuvw/ U1D1/ dqg Ryhuwrq/ Z1V1 4<<41 Dq HSD surjudp iru prql0

wrulqj hfrorjlfdo vwdwxv dqg wuhqgv1 Hqylurqphqwdo Prqlwrulqj dqg Dvvhvvphqw

4:/ 9:0:;1

P|huv/ U1K1 4<:91 Uhvsrqvh Vxuidfh Phwkrgrorj|1

Rovhq/ D1U1/ Vhgudqvn/ M1/ Hgzdugv/ G1/ Jrwzd|/ F1D1/ Oljjhww/ Z1/ Udwkexq/ V1/

Uhfnkrz/ N1K1/ dqg \rxqj/ O1M1 4<<;1 Vwdwlvwlfdo lvvxhv iru prqlwrulqj hfrorjl0

fdo dqg qdwxudo uhvrxufhv lq wkh Xqlwhg Vwdwhv1 Hqylurqphqwdo Prqlwrulqj dqg

446



Dvvhvvphqw +lq suhvv,1

Ulsoh|/ E1G1 4<;:1 Vwrfkdvwlf Vlpxodwlrq1 Zloh|/ Qhz \run1

Ryhuwrq/ M1/ \rxqj/ W1/ dqg Ryhuwrq/ Z1 4<<61 Xvlqj irxqg gdwd wr dxjphqw d

suredelolw| vdpsoh= surfhgxuh dqg d fdvh vwxg|1 Hqylurqphqwdo Prqlwrulqj

dqg Dvvhvvphqw 59/ 980;61

Udr/ M1Q1N1/ dqg Judkdp/ M1H1 4<971 Urwdwlrq ghvljqv iru vdpsolqj rq uhshdwhg

rffdvlrqv1 Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq 8</ 7<5083<1

Vhduoh/ V1U1 4<:41 Olqhdu Prghov1 Zloh|/ Qhz \run1

Vklqr}xnd/ P1 4<:41 Vlpxodwlrq ri pxowlyduldwh dqgpxowlglphqvlrqdo udqgrp surfhvvhv1

Mrxuqdo ri wkh Dfrxvwlfdo Vrflhw| ri Dphulfd 7</ 68:069:1

Vndovnl/ M1U1 4<<31 D ghvljq iru orqj0whup vwdwxv dqg wuhqgv prqlwrulqj1 Mrxuqdo ri

Hqylurqphqwdo Pdqdjhphqw 63/ 46<04771

Vqhghfru/ J1Z1/ dqg Frfkurq/ Z1J1 4<;31 Vwdwlvwlfdo Phwkrgv/ Vhyhqwk Hglwlrq1

Lrzd Vwdwh Xqlyhuvlw| Suhvv/ Dphv/ Lrzd1

Vwhlq/ P1O1/ dqg Kdqgfrfn/ P1V1 Vrph dv|pswrwlf surshuwlhv ri nuljlqj zkhq wkh

fryduldqfh ixqfwlrq lv plvvshfl�hg1 Pdwkhpdwlfdo Jhrorj| 54/ 4:404<31

Vwhyhqv/ G1O1 +4<<:,1 Yduldeoh ghqvlw| julg0edvhg vdpsolqj ghvljqv iru frqwlqxrxv

vsdwldo srsxodwlrqv1 Hqylurqphwulfv ;/ 49:04<81
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Wkrpsvrq/ V1N1 4<<31 Dgdswlyh foxvwhu vdpsolqj1 Mrxuqdo ri wkh Dphulfdq Vwdwlv0

wlfdo Dvvrfldwlrq ;8/ 43830438<1

Wkrpsvrq/ V1N1 4<<51 Vdpsolqj1 Zloh|/ Qhz \run1

Xutxkduw/ Q1V1/ Ryhuwrq/ Z1V1/ dqg Elunhv/ G1V1 4<<61 Frpsdulqj vdpsolqj ghvljqv

iru prqlwrulqj hfrorjlfdo vwdwxv dqg wuhqgv= lpsdfw ri whpsrudo sdwwhuqv1 Lq

Vwdwlvwlfv iru wkh Hqylurqphqw/ Y1 Eduqhww/ dqg N1I1 Wxunpdq/ hgv1/ :40;81
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